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nosečnic. Določena raven lipidov v materi je potrebna za normalen razvoj 
ploda, spremembe v fiziologiji lipidov med nosečnostjo pa lahko po drugi 
strani odražajo povečano odpornost na inzulin pri materah. Kar nekaj 
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raziskav je pokazalo, da so pretirane spremembe ravni lipidov v krvi mater 
povezane s povečanim tveganjem za PTB, vendar še vedno ni popolnoma 
jasno, kako te spremembe vplivajo na PTB. Deregulacija cirkadianega 
sistema, zaradi genetskih mutacij ali okoljskih dejavnikov, lahko pri ljudeh 
in živalih privede do razvoja različnih patologij. Z uporabo različnih 
modelnih organizmov so pokazali, da je reprodukcijska fiziologija (estrogeni 
cikel, prezgodnji porod, itd.) pod kontrolo cirkadiane ure. Prav genetski 
dejavniki predstavljajo razlog za od 25 do 40% primerov, zato je koristno 
iskati potencialne genetske povezave med PTB in polimorfizmi posameznih 
nukleotidov (ang. Single Nucleotide Polymorphism, SNP) v genih cirkadianega 
ritma. Kljub zavedanju, da sta cirkadiana ura in lipidni metabolizem ključna 
procesa pri različnih reprodukcijskih vprašanjih, tudi PTB, do sedaj ni bilo 
veliko študij, ki bi raziskale vlogo cirkadiane genetike in lipidnega 
metabolizma med nosečnostjo in njihovo povezanost s PTB. V okviru 
doktorskega dela smo analizirali genetsko variabilnost s SNP iz genov 
cirkadiane ure in lipidnega metabolizma v povezavi z lipidi drugega 
trimesečja in PTB. S tem smo želeli ugotoviti, ali lahko SNP v genih osrednje 
cirkadiane ure in lipidnega metabolizma vplivajo na raven lipidov v krvi 
mater v drugem trimesečju in ali je to lahko povezano s povečanim 
tveganjem za PTB. S pomočjo sistematičnega pregleda literature smo izbrali 
72 kandidatnih SNP iz genov cirkadiane ure in lipidnega metabolizma, ki so 
bili v predhodnih študijah povezani s presnovnimi fenotipi, vključno z 
dislipidemijo, debelostjo, diabetesom tipa 2, indeksom telesne mase (ang. 
Body Mass Index, BMI), nealkoholno bolznijo jeter ali reproduktivnimi 
fenotipi, kot je PTB. Na populaciji Kalifornijskih mater smo preverili 
povezanost z ravnjo lipidov v drugem trimesečju in nazadnje še s 
prezgodnjim rojstvom. Od 72 SNP v 40 genih je bilo kar 45 SNP značilno 
povezanih z najmanj enim lipidom. Po Bonferroni popravku je ostalo 
statistično značilnih pet SNP iz štitih genov lipidnega metabolizma in 
cirkadiane ure (APOE, CELSR2, PNPLA3, PER3). Šest SNP iz genov 
cirkadiane ure (CLOCK in PER3) in dva SNP iz genov lipidnega metabolizma 
(LIPC in ABCA1) je po popravku doseglo mejno signifikanco z najmnaj enim 
lipidom v krvi nosečnic. SNP, ki so bili statistično značilno povezani z lipidi 
so bili ovrednotili še za povezavo s PTB. Edina povezava, ki je ostala 
statistično značilna je bila pri SNP rs228669 v cirkadianem genu PER3. Vsak 
dodatni alel A je bil statistično značilno povezan z višjimi koncentracijami 
trigliceridov (ang. Tryglicerides, TG). Genotip AA je bil značilno povezan s 
povečanim tveganjem za spontani PTB (ang. Spontaneous PTB, SPTB) in PTB. 
V nadaljevanu smo preverili tudi ali ima morda SNP rs228669 vpliv na 
učinek v razmerju med TG in PTB. Za ta namen smo naredili stratifikacijo po 
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genotipu in pokazali, da je nižja koncentracija TG povezana s PTB pri 
posameznicah z genotipom AA, medtem ko so bile višje koncentracije TG 
povezane s PTB pri posameznicah z genotipom GA. Nobene statistično 
značilne povezave med TG in PTB nismo opazili pri nosečnicah z genotipom 
GG. Kot nam je znano, je to prva študija, kjer so bile ovrednotene povezave 
med SNP iz genov cirkadiane ure in lipidnega metabolizma z lipidi v drugem 
trimesečju in PTB. Vsekakor je potrebnih še več raziskav, da bi v celoti lahko 
preučili vpliv cirkadiane genetike na PTB in povezanost z ravnjo lipidov med 
nosečnostjo. 
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LA en 
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AB Preterm birth (PTB) is a common and multifactorial condition defined as 
delivery prior to 37 weeks’ completed gestation. It affects an average of 11% 
of pregnancies worldwide and is the leading cause of death in children under 
age 5. The level of maternal blood lipids is important for maintaining a 
healthy pregnancy with normal fetal development. In pregnancy, multiple 
physiological changes occur that contribute to the alterations in lipid profiles 
of healthy, gestating women. The changes in lipid physiology throughout the 
course of pregnancy allow for proper nutrients for the fetus and reflect 
increasing insulin resistance in the mother. Several studies showed that 
excessive changes in lipid levels are associated with increased risk for PTB. It 
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is still unclear whether the lipid levels directly affect PTB or if PTB is 
influenced indirectly through changes in lipid levels that are a result of the 
pregnancy. Deregulation of the circadian system in humans and animals can 
lead to the development of various pathologies due to genetic mutations or 
environmental factors. With the use of various model organisms, it has been 
shown that various aspects of reproductive physiology (estrous cycle, 
parturition) are regulated by the circadian clock. Genetic factors account for 
25 to 40% of the variation in the timing of birth. Thus, it is valuable to explore 
potential genetic associations between PTB and single nucleotide 
polymorphisms (SNPs) in genes playing an important role in the circadian 
rhythm pathway. Despite the importance of the circadian clock and lipid 
metabolism in regulating birth timing, few studies have examined the 
relationship between circadian genetics with lipid levels during pregnancy 
and their relationship with PTB. Within the PhD work, genetic variability in 
the form of SNPs from circadian clock and lipid genes was analyzed for 
association with 2nd trimester lipids and preterm birth. We aimed to 
determine if SNPs in genes from the circadian clock and lipid metabolism 
influence 2nd trimester maternal lipid levels and if this is associated with an 
increased risk for PTB. Systematical review of the literature was performed 
and 72 candidate SNP from circadian and lipid metabolism genes were 
selected. SNPs were previously associated with metabolic-related 
phenotypes including dyslipidemia, obesity, type 2 diabetes, body mass 
index (BMI), non-alcoholic fatty liver disease, or reproductive complications 
such as PTB. We examined the population of Californian mothers and 
selected SNPs were further tested for associations with lipid levels and PTB. 
Of the 72 candidate SNPs across 40 genes 45 SNPs were associated with one 
or more lipid levels. After the Bonferroni correction for multiple testing, five 
SNPs in four genes were associated with one or more 2nd trimester lipid 
levels. Six additional SNPs from circadian clock genes (5 SNPs in CLOCK and 
1 in PER3) and two SNPs from lipid genes (1 SNP in LIPC and 1 SNP in 
ABCA1) nearly met Bonferroni correction with one or more lipid levels. SNPs 
that were statistically significantly associated with lipids were further 
evaluated for association with PTB. The only association that remained 
statistically significant was observed with SNP rs228669 in the PER3 gene. 
Each additional A allele was significantly associated with higher levels of 
triglycerides (TG). The AA genotype of rs228669 within the PER3 gene was 
marginally associated with an increased risk for spontaneous PTB (SPTB) 
and PTB. This association remained significant when limiting the sample to 
only spontaneous PTB. It was shown that association between SNPs from 
circadian, circadian related genes and lipids exists and is significant. 
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Furthermore, we investigated whether rs228669 is an effect modifier of the 
relationship between TG and PTB. When stratifying data by genotype, lower 
TG levels were associated with PTB in individuals with the AA genotype, 
whereas higher TG levels were associated with PTB in individuals with the 
GA genotype. There was no association between TG levels and PTB in 
individuals with the GG genotype. To our knowledge this is the first study 
that focuses on the associations between SNPs in circadian clock and lipid 
metabolism genes with 2nd trimester lipid levels and PTB. More studies are 
needed to fully examine the influence of circadian clock genetics on PTB and 
the relationship with lipid levels during pregnancy. 
 
Doctoral work is a result of my own research work. 
Ljubljana, 2020 
                    Urša Kovač  
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1 
1. Background 
1.1. Human lipids 
In the recent years the research of lipid metabolism is growing and getting on the 
importance as lipids are playing a crucial role in cell biology, physiology and 
pathology. Lipids are a class of compounds which have many key biological 
functions, like being structural components of cell membranes, serving as energy 
molecules and having a role in signaling pathways (Smith, 2018). In the context of 
human metabolism and clinical care, lipids can be considered in distinct categories, 
such as cholesterol and triglyceride (TG), which are bound to lipoproteins for 
transport in blood circulation (Fahy et al., 2011). In most epidemiological studies 
total cholesterol (TC), TG and high-density lipoprotein (HDL) are routinely 
measured. Additionaly low density lipopoprotein (LDL) values are derived by 
matemaical calculation using the Friedewald equation (Wierzbicki et al., 2012). 
1.1.1. Cholesterol 
Cholesterol, one of the most crucial molecules in living organisms, is a sterol that is 
synthesized by mevalonate or HMG-CoA reductase pathway. Cholesterol is 
synthesized in most mammalian cells by a series of enzyme-mediated reactions. 
HMG-CoA reductase is a rate-limiting step and thus a target for statin drugs. The 
production of cholesterol is mostly the process that is happening in the liver. A 
small fraction of the cholesterol is incorporated into the membranes of hepatocytes 
but most of it is exported as bile acids, biliary cholesterol, or cholesteryl esters 
(Nelson et al., 2017). Cholesterol composes the cell membranes, accounting for up 
to 30% of the plasma lipids and plays an important role in regulation of membrane 
permeability, fluidity and signaling capacity (Goluszko and Nowicki, 2005). 
Cholesterol is also a precursor for steroid hormones, bile acids and vitamin D, as 
well as playing an important role in cell proliferation (Fernández et al., 2005; Singh 
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et al., 2013). It has many additional roles that are crucial in maintaining an 
organism’s integrity. Abnormal high cholesterol levels are associated with 
atherosclerosis, due to deposition of lipids in coronary arteries and increased risk 
of different cardiovascular complications (Gofman et al., 1950). It is crucial that the 
blood profile is within the healthy limits, especially when other risk factors for 
cardiovascular diseases are present (Nelson et al., 2017). 
1.1.2. Triglycerides 
In the human body, metabolic energy is mainly derived from TGs that represent the 
major form of storage and transport of fatty acids within the cells and in the plasma 
(Wierzbicki et al., 2012). They are also referred to as triacylglycerols, fats or neutreal 
fats. On average, 40% or even more of the daily energy requirement is derived from 
TGs. They are derived from two sources, exogenous (dietary) such as diet and 
endogenous such as synthesis by the liver. In the intestine dietary TG undergo 
lipolysis and TG are broken down to a smaller free fatty acids (and monoglycerides) 
after they are emulsified by bile salt. Further these fatty acids are absorbed by 
intestinal epithelial cells and reconverted into TGs and finally formed into 
chylomicrons by combination with specific apolipoproteins (Sprecher, 1998; Nelson 
et al., 2017). Chylomicrons enable fats and cholesterol to move within aqueous 
environment of lymfatic and circulatotory system. From lymfatic system, the 
chylomicrons that contain the TGs are transported to the circulatory system. From 
there chylomicrons deliver TGs to tissues, where lipoprotein lipase (LPL) releases 
free fatty acids for entry into cells (Nelson et al., 2017). TGs can either go to the liver, 
or are stored in adipose tissuse. Triacylglycerols stored in adipose tissue are then 
mobilized by a triacylglycerol lipase where fatty acids are formed and bind to serum 
albumin. In that form they are carried in the blood troughout the whole body in the 
tissues that use fatty acids for fuel (Nelson et al., 2017). 
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1.1.3. Lipoproteins 
Different combinations of lipid and protein produce particles of different densities, 
ranging from chylomicrons and very low density lipoproteins (VLDL) to very high 
density lipoproteins (VHDL) (Nelson et al., 2017). Each class of lipoprotein has its 
own function regarding the point of synthesis, lipid composition, and 
apolipoprotein content (Nelson et al., 2017). Apolipoproteins like ApoA1, ApoB-
100, ApoB-48, ApoC and ApoE are the key componets of lipid carrying particles 
(Smith et al., 2018). In the exogenous pathway dietary fat and cholesterol are 
absorded by enterocytes and formed into chylomicrons containing apolipoprotein 
B-48. ApoB-48 is characteristic for chylomicrons. In the fed state, fatty acids enter 
intestinal enterocytes where they are converted to TG. ApoB-48 and TG are directed 
to the Golgi apparatus where they are packaged into nascent chylomicrons and 
ultimately deliver TG to peripheral tissues (Smith, 2018; Nelson et al., 2017 ). In the 
endogenous pathway of lipid transport, the liver synthesizes TGs and cholesteryl 
esters and packages them into VLDL, which contains the major structural 
apolipoprotein B-100. The APOB gene ecodes the protein ApoB-100 and this 
protein is characteristic for LDL, VLDL and intermediate density lipoprotein (IDL) 
(Rader, 2008; Smith, 2018; Nelson et al., 2017). The loss of triacylglycerol converts 
some VLDL to VLDL remnants, also called intermediate density lipoprotein (IDL) 
that are taken up by the liver via binding of APOE to the LDL receptor or LDL 
receptor-related protein (Rader, 2008; Nelson et al., 2017). Further removal of 
triacylglycerol from IDL (remnants) produces LDL. LDL can be taken up by 
peripheral cells or by the liver by the binding of ApoB-100 to the LDL receptor. It 
is known that individuals with the genetic disease familial hypercholesterolemia 
have mutations in the LDL receptor that prevent the normal uptake of LDL by liver 
and peripheral tissues (Klančar et al., 2015). HDL, a fourth major lipoprotein in 
mammals, is synthesized in the liver and small intestine together with its major 
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apolipoprotein ApoA-I and second major protein ApoA-II. It is small, protein-rich 
particles that contain relatively little cholesterol and no cholesteryl esters (Nelson et 
al., 2017). Nascent HDL picks up cholesterol from cholesterol-rich extra hepatic cell. 
Upon reaching the liver, cholesterol-rich HDL particles are taken up by hepatocytes 
where they are broken down to release their cholesterol content (Smith, 2018). Much 
of this cholesterol is converted to bile salts. The bile salts are stored in the 
gallbladder and excreted into the intestine when a meal is ingested. Bile salts are 
reabsorbed by the liver and recirculate through the gallbladder in this enterohepatic 
circulation (Nelson et al., 2017). 
1.2. Genetic predisposition of lipid levels 
Dyslipidemia is a multifactorial disorder caused by an interaction of genetic and 
environmental factors. Genetic studies have identified multiple genetic loci 
associated with lipid levels. Several population studies have identified quite a few 
genes that could have a direct impact on lipid levels. These genes affect plasma 
levels of lipids, including TC, LDL, HDL, and TGs, which in the bloodstream 
resulted in complex clinical phenotypes (Chung et al., 2014). Many dyslipidemias 
are monogenic; meaning the reason for aberrant lipid profiles is result of mutation 
in one gene. However, there are also some dyslipidemias where clinical phenotype 
is a result of a combination of common genetic variability in multiple genes and 
lifestyle factors (Smith, 2018). Common genetic variants in a population are 
identified by single nucleotide polymorphisms (SNPs) with different 
methodological approaches. Two research approaches for population-based genetic 
association that are based on genotyping of SNPs are commonly used, the genome-
wide association study (GWAS) and the candidate gene association study (CGAS). 
Both approaches are widely employed for identification of genotype association 
with lipids. In GWAS, hundreds of thousands of SNPs are genotyped and analyzed 
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for association with a disease or trait. Although GWAS identify many SNPs whose 
genes can inform the pathophysiology of a given condition, each individual SNP 
typically confers a small effect on the trait. In contrast, genetic mutations implicated 
in Mendelian disorders typically alter the protein structure and function, which 
manifest as an extreme phenotype. CGAS is an approach based on testing the a 
priori hypothesis that specific genes are associated with phenotype/disease risk. 
Since CGAS is a hypothesis-driven approach, it enables evaluation of selected 
alleles in study populations that are relevant to the phenotype studied and also 
represent a cost-efficient approach for well-focused disease question. GWAS have 
individually investigated the genetic contribution to adult lipid levels (Teslovich et 
al., 2010; Willer et al., 2013). Besides the numerous GWAS, quite a few CGAS that 
have identified SNPs associated with various components of lipid metabolism 
(Angelakopoulou et al., 2012; Aulchenko et al., 2009; Chasman et al., 2008, 2009; 
Klarin et al., 2018; Manning et al., 2012; Sabatti et al., 2009).  
1.3. Dyslipidemia in pregnancy 
Lipid metabolism can be disturbed in different ways and clinical dyslipidemias 
include various disorders of lipid metabolism usually with altered lipid balance. 
Many are caused by different mutations and are a result of a common genetic 
variability and different lifestyle factors. Dyslipidemia conditions are usually linked 
to an increase risk of cardiovascular complications. What about the dyslipidemia in 
pregnancy? It is well known that metabolic changes, like glucose metabolism, 
insulin sensitivity and circulating lipids are characteristics of pregnancy. The level 
of maternal blood lipids is important for maintaining a healthy pregnancy with 
normal fetal development. In pregnancy, multiple physiological changes occur that 
contribute to the alterations in lipid profiles of healthy, gestating women. Changes 
in lipid metabolism during pregnancy are seen as increased lipid levels and changes 
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in lipoprotein composition. TC, LDL, HDL and TG all increase during pregnancy. 
The changes in lipid physiology throughout the course of pregnancy allow for 
proper nutrients for the fetus and reflect increasing insulin resistance in the mother. 
Several studies showed that excessive changes in lipid levels are associated with 
increased risk for PTB (Mudd et al., 2012). Recently a meta-analysis demonstrated 
that elevated TC, TGs and low concentration of HDL were associated with an 
increased risk of PTB (Jiang et al., 2017). It is still unclear whether the lipid levels 
directly affect PTB or if PTB is influenced indirectly through changes in lipid levels 
that are a result of the pregnancy. Causality of lipid exposures can begin to be 
addressed by examining PTB risk in relation to genetic predisposition toward 
certain lipid profiles.  
1.4. Circadian clock 
Circadian clock as the inner rhythm in mammals is recognized as a cell-autonomous 
and self-sustaining mechanism, which controls almost every aspect of our life. The 
period of these rhythms is ~24 h long, thus circadian (from latin circa—
approximately; diem—day) (Reppert and Weaver, 2002). The circadian rhythmicity 
is a crucial endogenous process of organisms, described in almost every live species 
from cyanobacteria to human, and is capable to adapt to the environmental rhythm 
of the day. In addition there are also other biological rhythms with a shorter (ie, 
ultradian) or longer period (ie, infradian) period than 24 hours. Circadian 
homeostasis in mammals is maintained by the central clock located in the 
suprachiasmatic nucleus (SCN) of the hypothalamus which orchestrates numerous 
clocks in peripheral tissues. The peripheral clocks have been observed in cells and 
tissues all over the mammalian body. Light, however, is not the only signal for 
entrainment of internal clocks. Systemic cues including hormones, body 
temperature, feeding/fasting cycles also influence the circadian rhythm in tissues 
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throughout the body (Zmrzljak and Rozman, 2012). The molecular basis of clock is 
constituted of periodical expression of clock genes driven by the autoregulatory 
transcription-translation feedback loops involving cis-regulatory elements such as 
E-boxes, D-boxes, and ROREs (ROR-elements) (Korenčič et al., 2012). The molecular 









The positive transcriptional loop is formed by transcriptional activators Aryl 
Hydrocarbon Receptor Nuclear Translocator Like (ARNTL/BMAL1) and Clock 
Circadian Regulator (CLOCK), in neuronal tissue, Neuronal PAS Domain Protein 
(NPAS2). The CLOCK:BMAL1 heterodimer binds to conserved E-box sequences in 
target gene promotors of Period Circadian Regulator 1, 2, 3 (PER1,2,3), 
Cryptochrome 1, 2 (CRY1,2) genes contributing to the activation of their expression 
(Dumbell et al., 2016). PER and CRY proteins dimerize in the cytoplasm and after 
translocation to the nucleus inhibit further CLOCK:BMAL1 transcription, forming 
the negative feedback loop. The degradation of PER, CRY is essential for the restart 
of a new cycle of the transcription with ~24 h periodicity. An additional regulatory 
 
1 The Figure 1 is adapted from Kovač et al., 2019, published in Frontiers in Genetics. 
Figure 1: The molecular basis of circadian clock network. 
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loop of BMAL1 and CLOCK dimer activity is through interaction with RAR Related 
Orphan Receptors (RORs) and Nuclear Receptor Subfamily 1 Group D Member 1, 
NR1D1 (REVERBA). RORs and REVERBA compete for ROR response element in 
the promotor region of BMAL1, where REVERBA acts as inhibitor and RORs as 
activators of BMAL1 transcription. In turn, CLOCK:BMAL1 heterodimers activate 
REVERBA transcription. Besides E-boxes and ROREs, D-boxes play an important 
role as well. Transcription regulation through D-boxes goes via different 
transcription factors, such as Albumin gene D-site binding protein (DBP) expressed 
in the SCN with a clear rhythm in the light-dark or constant dark conditions 
(Dumbell et al., 2016; Korencic et al., 2012; Kovač et al., 2019; Zmrzljak and Rozman, 
2012).  
1.4.1. Circadian metabolism and dyslipidemia 
The circadian clock plays an important role in different parts of lipid metabolism. 
How the circadian clock interacts with the genetic factors that are associated with 
plasma lipid traits is poorly understood. However, it has already been established 
that disruption of the core molecular clock can lead to abnormal energy balance and 
dysregulation of lipids (Kovanen et al., 2015; Marcheva et al., 2010; Scott et al., 2008; 
Shimba et al., 2011; Turek et al., 2005). Several studies have identified SNPs from 
core circadian clock regulating genes including CLOCK, ARNTL and CRY2, that are 
associated with lipid levels and metabolic syndrome (Englund et al., 2009; Garaulet 
et al., 2009; Garcia-Rios et al., 2012; Kovanen et al., 2015; Lin et al., 2017; Scott et al., 
2008; Sookoian et al., 2010; Tsuzaki et al., 2010). Additionally, various aspects of 
reproductive physiology, such as the estrous cycle and parturition are regulated by 
the clock (Urlep and Rozman, 2013). Plasma cholesterol is known to vary depending 
on the time of day blood is sampled, further illustrating a potential connection 
between the circadian clock and cholesterol metabolism (Jones and Schoeller, 1990). 
Several studies in mice have shown that mutations in circadian clock genes abolish 
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expression of genes that are critical for the regulation of cholesterol synthesis 
(Horvat et al., 2011; Kovac et al., 2019). 
1.5. Human Parturition 
Human parturition is a highly orchestrated sequence of events with the ultimate 
goals of cervical ripening, myometrial contraction and rupture of fetal membranes. 
The appropriate time of a birth is a crucial step that determines the pregnancy 
success. Birth usually occurs at a time in gestation when the fetus is prepared for 
life as a neonate. Despite decades of research into the biological stimuli that trigger 
human parturition, the exact network and sequence of events is not fully 
understood (Smith, 2018). The parturition consists of several processes including 
progesterone withdrawal, cervical ripening and HPA axis signaling (Smith, 2018). 
The baby and the mother’s body use signals to communicate. The baby 
communicates to the mother’s uterus by sending out signals in the form of 
hormones that help to coordinate the process of labor and indicate when it is time 
for baby to be born. The smooth muscles in the uterus are synchronized by 
hormones. They prepare the cervix to dilate and make a room for the baby to pass 
through and in the end prepare the mother’s body for nursing. During the 
pregnancy the hormone progesterone has been one of the major players. High levels 
of progesterone prevent uterine contractions while the baby is still developing 
therefore in the first step it is necessary to somehow override or decrease 
progesterone so that the labor can occur. This process is initiated by the baby itself. 
There are two different mechanisms that have been proposed by which 
progesterone withdrawal may occur. One possible way is through altered 
progesterone metabolism where a less active form of progesterone is formed what 
means that progesterone/estrogen ratio is decreased (Mitchell and Wong, 1993). 
More possible explanation is altered expression of progesterone receptor isoforms 
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(PR-A and PR-B) and expression profile of PR-B isoform is preferable expressed 
during non-pregnancy and during pregnancy up to parturition. Expression of PR-
A isoform is increased when parturition occurs. This was observed in laboring 
tissues like myometrium and decidua (Merlino et al., 2007, 2009; Smith, 2018). 
Increased expression of PR-A receptor is a signal for myometrium to be responsive 
to inflammatory signals known that is characteristic of parturition (Smith, 2018). 
Taking all together, parturition can occur since the expression of PR-A isoform 
inhibits the PR-B activation (Smith, 2018). As the baby enters the final stretch of 
growth and stretches the uterus, physical stress occurs what causes the release of 
stress hormones from both the baby and the uterus. The rise of corticotrophin-
releasing hormone (CRH) and cortisol stress hormones trigger a rise in the steroid 
hormone estriol. Estriol is a form of estrogen that is predominant during childbirth. 
When it rises, the synthesis of progesterone is inhibited by the placenta. Estriol 
prepares the smooth muscles of the uterus for labor. Estriol and other estrogens are 
responsible for sensitivity to the hormones responsible for uterine contractions. The 
process is highly coordinated. As estrogen begins to stimulate uterine contractions, 
the uterus also produces hormones called prostaglandins. These also contribute to 
a decrease in progesterone levels. The release of prostaglandins helps initiate labor 
and, along with another hormone called relaxin, relaxes the muscles of the cervix. 
This step is crucial since the cervix must be relaxed to allow the baby to pass 
through. Relaxin produced by the ovaries is also important in relaxing the muscles 
of the pelvis what helps baby to pass through. Oxytocin plays roles in childbirth, 
nursing and in the bonding between mother and child. Its main role in childbirth is 
to continue the process of uterine contractions using something called a positive 
feedback loop, meaning that they cause stimulation of oxytocin and stimulation of 
contractions. Once labor is complete and the baby is no longer in the birth canal, the 
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cervix is not being stretched anymore. This lack of the physical signal of stretching 
is what stops the positive feedback loop, and labor comes to an end (Smith, 2018). 
1.6. Preterm birth 
PTB is a common and multifactorial condition in which lifestyle and clinical factors 
including hypertension, diabetes, and nutrition interact with environmental, 
genetic and epigenetic factors (Bick, 2012). The World Health Organization (WHO) 
defines PTB as birth before 37 completed weeks of gestation. Annually, it affects 
almost 15 million pregnancies worldwide, and is the leading cause of death in 
children younger than 5 years of age (Blencowe et al., 2013). PTB can be clinically 
classified as idiopathic, preterm premature rupture of membranes (PPROM), or 
medical inducement, with the first 2 classes often grouped as spontaneous preterm 
birth (SPTB). The majority of preterm births occur spontaneously. Neonates born 
preterm have an increased risk of mortality and short and long-term morbidities 
when compared with term neonates. Currently, despite decades of research, there 
is no effective method for prevention of PTB. As a multifactorial condition, PTB is 
driven by the interaction of the environment and genetic factors. The risk for PTB is 
increased if a woman’s mother, full sisters or maternal half-sisters experienced a 
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The schematic presentation of the molecular circadian clock in mammals and its role 
in preterm birth is seen from the Figure 2. 
A                                                                          B
 
Figure 2: (A) A simplified model of the molecular circadian clock in mammals 
and its role in preterm birth; (B) Risk factors for preterm birth. 
1.6.1. Genetic of preterm birth 
There is growing evidence that among the risk factors that have been hypothesized 
to be associated with PTB, genetic predisposition plays a significant role. Genetic 
factors account for 25 to 40% of the variation in the timing of birth (Hallman et al., 
2019; Huusko et al., 2018). Also evidence from different family- and twin-based 
studies demonstrated how significantly maternal genetics contribute to the timing 
of parturition and PTB. Maternal genetics may also influence different pregnancy 
outcomes as birth weight, birth length, and GA. Thus it is valuable to explore 
potential genetic associations between PTB and SNPs in genes playing an important 
role in the circadian rhythm pathway. The circadian clock is a well-studied 
mechanism that plays an important role in the regulation of almost every 
physiological process. Major adaptations occur in maternal circadian physiology to 
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support the high metabolic demands of the growing fetus, while at the same time, 
the fetus develops its own intrinsic circadian system in readiness for postnatal life 
(Mark et al., 2017). Melatonin is a key circadian regulator and melatonin receptors 
localized on the plasma membrane play an important role in its regulation. 
Melatonin receptors are upregulated at labor and it was shown that expression of 
the melatonin receptor 1 B (MTNR1B) was strongly upregulated in the myometrium 
of non-laboring women (Olcese and Beesley, 2014). The myometrial expression of 
melatonin receptors is low during pregnancy and expression of these receptors 
prematurely might contribute to PTB (Olcese et al., 2013). The circadian rhythm 
pathway is critical in several aspects of female reproductive biology, including 
ovulation, embryonic implantation, and parturition. However, the role of maternal, 
embryotic and infant circadian clocks during pregnancy is still not yet fully 
understood.  
1.6.2. Time trends in preterm birth 
Onset of the delivery is complex and multifactorial, genetic and non-genetic factors 
can influence initiation of labor. There is a wide variation of preterm birth trends 
worldwide. Pregnancy is influenced by the circadian system, which coordinates 
physiology and behavior with predictable daily changes in the environment such 
as light/dark cycles which is why most species deliver around a particular time of 
day. In humans, delivery occurs at all hours but appears to be most common 
between 2 am and 5 am and preterm birth most commonly occurs during the late 
night or early morning (between 21 pm and 6 am) (McCarthy et al., 2019). Taking 
together, the timing of births varies by onset of labor and GA and data 
demonstrated a significant circadian trend that is lost with lower GA and in births 
initiated with contractions (Kovač et al., unpublished). Birth rhythms may be 
synchronized in humans by periodic and probably complex influences. 
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Environmental synchronizers together with the intrinsic physiological mechanisms 
act on the time of the birth.  
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2. Aims and hypotheses  
Within the PhD work, genetic variability in the form of SNPs from circadian clock 
and lipid genes were analyzed for association with 2nd trimester lipids and preterm 
birth. We aimed to determine that SNPs in genes from the circadian clock and lipid 
metabolism influence 2nd trimester maternal lipid levels and if this is associated with 
an increased risk for PTB. 
Hypotheses: 
1. The single nucleotide polymorphisms in circadian and lipid metabolism genes 
affect the altered lipid balance in pregnant women. 
2. The single nucleotide polymorphisms in circadian and/or in lipid genes associate 
with increased risk for preterm birth. 
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3. Methods 
Genetic epidemiology study was performed, particularly we tested the variability 
in the form of SNPs from core clock and the circadian related lipid genes. 
3.1.1. Genetic marker selection 
A total of 72 candidate SNPs were selected based on their relevance to circadian 
rhythm or lipid metabolism and their availability in the laboratory (Table S1, Table 
S2, Figure 3). Of the total SNPs 25 were from core circadian regulating genes and 47 
were from circadian related or lipid genes. There were 10 SNPs related to lipid 
metabolism that were selected based on a previous study of PTB in our laboratory 
(Steffen et al., 2007). Of the 72 total SNPs, 32 were directly related to one or more 
lipid levels (Figure 3). The remainders were associated with metabolic-related 
phenotypes including dyslipidemia, obesity, type 2 diabetes, BMI, non-alcoholic 
fatty liver disease and hepatocellular carcinoma or reproductive complications such 
as PTB (Table S1, Table S2, Figure 3). 
3.1.2. A systematical review of selected genetic markers 
The systematical review was performed using the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) Statement guidelines (Moher et 
al., 2009). 
Search Strategy 
Publications on the association of SNPs from core circadian regulating genes, 
circadian related and lipid related genes with one or more lipid levels and/or with 
metabolic and reproductive phenotypes published up to May 2nd, 2018 were 
searched in the PubMed Database using the keywords as follows: rs number (all 72 
candidate SNP), total cholesterol, high density lipoprotein, low density lipoprotein, 
triglycerides, different relevant metabolic and reproductive phenotype (search 
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word are seen in Table S1, Table S2). The Diagram in Figure 32 is an illustration of 












This chord diagram is an illustration of Table S1 and Table S2). Each colored line indicates 
a previously reported SNP-phenotype association. A= Total cholesterol level B= High 
density lipoprotein level C= Low density lipoprotein level D= Triglyceride level E= Metabolic 
phenotypes including obesity, BMI, fasting blood glucose, hemoglobin A1C, gestational 
diabetes, hyperglycemia, hypertension, cardiovascular disease, ischemic stroke, 
dyslipidemia, fatty acid composition and C-reactive protein. F= Conditions of the liver and 
colon including hepatocellular carcinoma, non-alchocolic fatty liver disease and colorectal 
cancer. G= Reproductive phenotypes including gestational age, birth weight and 
prematurity. 
 
2 The Figure 3 was published in Frontiers in Genetics (Kovac et al., 2019). 
Figure 3: Association of SNPs from core circadian regulating genes, circadian-related 
and lipid genes with one or more lipid levels and/or with metabolic and reproductive 
phenotypes. 
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3.1.3. Study population 
California population 
The study population (IRB number: 12-09-0702) was drawn from a population-
based cohort of 757,853 singleton live births in the state of California born from July 
2009 through December 2010. Study subjects included a nested case-control 
sampling of 992 (495 PTB cases and 497 controls) California women with a non-
fasted 2nd trimester (15-20 weeks gestation) serum sample banked by the California 
Biobank Program after it was used for routine prenatal screening. Serum samples 
were not fasted. Demographic and obstetric factors evaluated included 
race/ethnicity, maternal age, BMI, GA and GA at time of prenatal screening (15-20 
weeks gestation). All variables were derived from a file linking birth certificate 
records to all hospital discharge records for the mother and baby from 1 year prior 
to the birth to 1 year after the birth.  
Ethics Statement  
Data from the California Prenatal and Newborn Screening Programs were obtained 
through the California Biobank Program (Screening Information System request no. 
476). Data were obtained with an agreement that the California Department of 
Public Health is not responsible for the results or conclusions drawn by the authors 
of this publication. Methods and protocols were approved by the Committee for the 
Protection of Human Subjects within the Health and Human Services Agency of the 
State of California. All data was de-identified and determined not to qualify as 
human subjects research by the University of Iowa Institutional Review Board. 
Data Availability 
The data used in this analysis is owned by the State of California who grants access 
through an application and approval process. This process is open to any interested 
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researcher or other investigator who seeks access. No special permission was 
granted for this project. Interested researchers may apply for access to the data at:  
(https://www.cdph.ca.gov/Programs/CFH/DGDS/Pages/cbp/default.aspx).The 
sample selection design is seen from Figure 4. 
 
 
California Genetic Disease Screening program 
757,853 singleton live births 
1st trimester ultrasound 







497,023 women  
Serum samples  
Non –fasting serum samples available  
Study population (IRB Number: 12090702) 
992 women 
Selection, oversampling of births before 32 
Figure 4: Sample selection design for California population. 
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3.1.4. DNA isolation and lipid measurements 
Lipid levels including TC, HDL, LDL and TGs were measured on Roche Cobas c 
111 instrument on all serum samples. DNA was purified from the clotted material 
using a Quickgene-610L DNA extraction system (Autogen, Holliston MA, USA). 
Methods and protocols for the study were approved by the Committee for the 
Protection of Human Subjects within the Health and Human Services Agency of the 
State of California. 
3.1.5. SNP genotyping  
Genotyping procedures have been described previously. TaqMan assays (Applied 
Biosystems, Foster City, CA) for the 72 markers were tested on control DNA prior 
to genotyping samples on the EP1 SNP Genotyping System and GT 192.24 Dynamic 
Array Integrated Fluidic Circuits (Fluidigm, San Francisco, CA). Two CEPH 
individuals (Utah residents with ancestry from northern and western Europe, 
Coriell Institute, Camden NJ, USA) served as positive controls and double-distilled 
water was used as a negative control.  
All SNP genotyping assays were available and ordered using the Assay-on-
Demand service from Applied Biosystems. These genotyping assays included 
primers to amplify the region containing the SNP of interest and two TaqMan 
Minor Groove Binder probes specific to the polymorphic variant alleles at the site 
labeled with different fluorescent reporter dyes, FAM and VIC. All reactions were 
performed using standard conditions supplied by Fluidigm. Following 
thermocycling, fluorescence levels of the FAM and VIC dyes were measured 
using the EP1 Reader and genotypes were scored using the Fluidigm Genotyping 
Analysis software. 
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Fluidigm protocol 
Pre-amplification of DNA 
First, 0.2X PreAmp Cocktail was prepared by combining 40X assay with the low-TE 
buffer that comes with Quickgene kits found in 2168ML as seen in Table 1.  
Table 1: Sample PreAmp design. 
Once the PreAmp Cocktail was made it was combined with the PreAmp MasterMix 
(Qiagen) to get the Sample Pre-Mix (Table 2).  
Sample Pre-Mix was then added to the DNA before running the amplification 
program.  
Since the Fluidigm software depends on negative and positive controls to make all 
given calls, each chip must contain at least three positive and two negative controls.  
Table 2: Sample PreMix. 
Sample Pre-Mix       
Chip Type Reagent Volume (uL) Volume/well (uL/well) 
48.48    
  PreAmp MasterMix 150  
  0.2X PreAmp Cocktail 75  
  Total 225 4 
  DNA (@ 2ng/uL)  1.3 
192.24    
  PreAmp MasterMix 580  
  0.2X PreAmp Cocktail 290  
  Total 870 4 
  DNA (@ 2ng/uL)  1.3 
0.2X PreAmp Cocktail     
Chip Type Reagent Volume (uL) 
48.48     
  40X assay 1 of each (48 total) 
  Low-TE Buffer 152 
  Total 200 
192.24    
  40X assay 1.5 of each (36 total) 
  Low-TE Buffer 264 
  Total 300 
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When the plates were prepared PCR was run with the following program seen in 
Table 3. 
Table 3: PCR program. 
 HOLD 14 Cycles 
Temperature 95°C 95°C 60°C 
Time 10 minutes 15 seconds 4 minutes 
After cycling, each well was diluted 1:5 by adding 20uL of the low-TE buffer for a 
final volume of 25uL. Plates were used right away or stored at -20°C for later use. 
Preparation of Assays 
The assay plate were prepared 3-4 days in advance of running chips and frozen at 
20°C in the meantime. Scale up was needed when multiple chips were run using the 
same assay plate. To create the assay plate, first assay Mastermix was prepared as 
presented in Table 4. Then assays were transferred to the first three columns of a 96-
well plate (one assay/well) and then the assay Mastermix was added to each of those 
wells (Mastermix was loaded first then the assay). After every set, plates were spin 
down without the cover. 
Table 4: Assay preparation. 
Assay Setup       
Chip Type Reagent Volume (uL) Volume/well (uL/well) 
48.48     
  2X Assay Loading Reagent 160  
  ROX 16  
  Water 64  
  Total Assay Mastermix 240 4 
  40X assay  1.33 
192.24     
  2X Assay Loading Reagent 64  
  ROX 6.4  
  Water 25.6  
  Total Assay Mastermix 96 3 
  40X assay  1 
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The sample plate was created the morning of the chip run. Scale up was needed 
when running multiple chips. Sample mastermix was prepared as presented in 
Table 5. Then samples were transferred to the 96-well plates (192.24) - one 
sample/well. Negative control was manually added in the same volume as that used 
for DNA. 
Once the assay and sample plates were prepared, plates were spun down and 
vortexed before loading and running process with Fluidigm technology. 
Table 5: Sample preparation. 
Preparation of Fluidigm chip 
First, the control line fluid was loaded. Each chip type has its own control line fluid 
syringe. The 192.24 has only one syringe with 160uL of fluid which is dispensed in 
the accumulator at the top of the chip (Acc2).Valves need to be gently checked with 
the cap on syringe. If valves are moving freely up and down the fluid is added while 
the chip was at a 45° angle position. 
Sample 
Setup 
      





48.48       
  TaqMan MasterMix (2X) 191.5  
  AmpliTaq Gold (5U/uL) 3.8  
  GT Loading Reagent (20X) 19.2  
  dH2O 7.7  
  Total Sample Mastermix 222.2 3.5 
  PreAmped DNA  2.5 
192.24     
  GTXpress MasterMix (2X) 480  
  
Fast GT Loading Reagent 
(20X) 
48  
  dH2O 48  
  Total Sample Mastermix 576 2.5 
 PreAmped DNA  1.6 
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Loading samples and assays 
Using a multichannel pipette, 3uL of samples were transferred from sample plates 
to the sample inlets on the chip. Plate 1 was pipetted into the top row of the sample 
inlets (#s 1-12) and every other row down to the second to bottom (#s 169-180). Plate 
2 was pipetted into the second to the top row of sample inlets (#s 13-24) and every 
other row down to the bottom row (#s 181-192). See the Figure 5 where 192.24 chip 







While pipetting, you should not introduce bubbles into the inlets, since that prevent 
the sample from reaching the reaction chambers. Basically, in most cases, an inlet 
with a bubble prevents us from getting any genotypes for that sample/assay. Next 
3uL of assay was transferred from assay plate to the assay inlets on the chip, 
following the assay loading guide (Figure 5).The final check of the chip, once all 
assays and samples were loaded, needs to be done to insure that no bubbles are 
present in any of the inlets. If so, needles and propanol are used to dislodge the 
bubbles. Then 150uL of Pressure Fluid was pipetted into each of the P1, P2, and P3 
reservoirs and 20uL of Pressure Fluid into each of the P4 and P5 wells. Chips were 
then placed into the IFC Controller RX and the ‘LoadMix (166x)’ script was ran. This 
step took about 30 minutes. When the LoadMix script was completed, the chip was 
Figure 5: 192.24 Fluidigm chip with a loading guide. 
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ejected from the controller and moved to the FC1 Cycler, where the ‘GT 192X24 Fast 
v1.pcl’ program was ran. This step also took about 30 minutes. Then the chip was 










Figure 6: Call map viewer: (A) An example of successful chip, chip where the bubbles 
are present and unsuccessful chip (from left to right); (B) An example of map viewer 
and TaqMan plot. 
B 
A 
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3.1.6. Statistical Analysis 
Statistical analyses were performed using Plink software (Broad Institute, 
Cambridge, MA) and Statistical Analysis Software - SAS version 9.4 (SAS Institute, 
Cary, NC). All four lipid measurements approximated a normal distribution. Each 
SNP-lipid level combination was tested for association using linear regression. 
Correction for multiple testing was achieved using the Bonferroni method (0.05/ (68 
SNPs × 4 lipid measurements) = p < 1.8 × 10-4). SNP-lipid combinations that were 
significant after Bonferroni correction were then evaluated including relevant 
covariates: GA at time of sampling GA, BMI and race. SNPs that were remained 
significantly associated with lipid(s) after adjustment for covariates were assessed 
for association with PTB using logistic regression. SNPs associated with both lipids 
and PTB were assessed as possible effect modifiers of the lipid-PTB relationship by 
including a SNP-lipid interaction term in the logistic regression models. For 
significant interactions separate logistic regression models were performed 
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4. Results  
4.1. Genetic Epidemiology 
Genetic association studies have increasingly gained in importance for unraveling 
the genetics of complex diseases, like PTB. In this doctoral thesis Californa study 
population was obtained for SNP associations with preterm birth. 
4.1.1. Demographic characteristic of the study population 
The analysis included 904 mothers: 454 with term birth and 450 with PTB (Table 6). 
The mean gestational age was 38.9 in the term group and 32.4 in the preterm group 
(p < 0.001). Mothers with preterm and term birth differed by gestational age at birth 
but did not differ by gestational age at screening, BMI, race or maternal age. The 
majority of the women were Hispanic white (approximately 50% in both groups) 
and non-Hispanic white (approximately 35% in both groups). 
Table 6: Demographic characteristics of the California study population. 
 Term N (%) Preterm N (%) P value 
Sample Size 454 (50.2) 450 (49.8)  
Gestational age (weeks)† 38.9 ± 1.0 32.4 ± 3.8 <0.001 
Gestational age at screening (weeks)† 16.6 ± 1.1 16.4 ± 1.0 0.085 
Maternal BMI 25.2 ± 5.6 26.0 ±6.6 0.261 
Maternal Race   0.795 
Asian 43 (9.5) 51 (11.3)  
Hispanic 234 (51.5) 232 (51.6)  
Non-Hispanic White 163 (35.9) 155 (34.4)  
Unknown 14 (3.1) 12 (2.7)  
Maternal Age Group   0.354 
<18 years 4 (0.9) 7 (1.6)  
18-34 years 325 (71.6) 305 (67.8)  
>34 years 125 (27.5) 138 (30.7)  
Preterm Birth Subgroups   N/A 
Provider Initiated  N/A 357 (79.3)  
Subtype Unknown N/A 17 (3.8)  
†Data are expressed as mean ± SD. Variables may contain missing data. N/A indicates the 
data was unavailable. 
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4.1.2. Genetic association with 2nd trimester lipid levels 
Of the 72 candidate SNPs across 40 genes, 68 met the quality criteria for further 
analysis. Of these 45 SNPs were associated with one or more lipid levels at p value < 
0.05 (Figure 7 and Table S3, Table S4) in the California population. After the 
correction for multiple testing (Bonferroni-corrected p value < 1.8 ×10-4), five SNPs in 
four genes were associated with one or more 2nd trimester lipid levels (Table 7). Six 
additional SNPs from circadian clock gene candidates (5 SNPs in CLOCK and 1 in 
PER3) and two lipid related SNPs (1 SNP in LIPC and 1 SNP in ABCA1) nearly met 
Bonferroni correction (p < 1× 10-3) with one or more lipid levels (Table S3, Table S4).  
Each dot represents the unadjusted association with a candidate single nucleotide 
polymorphism and TCHOL= total cholesterol (blue), HDL= high density lipoprotein (red), 
LDL= low density lipoprotein (green), and TG= triglycerides (yellow). Bonferroni-corrected 
p value < 1.8 ×10-4 is presented with red line. P values are plotted in a -log10 scale. 
Figure 7: Synthesis-view data visualization of 68 SNPs with maternal lipid levels. 
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Rs7412 in the APOE gene was significantly associated with total cholesterol, LDL 
and HDL but not TG (Table 7). The CC genotype was associated with higher levels 
of total cholesterol and LDL and lower levels of HDL compared to those with the 
CT genotype. No individuals were homozygous for the T allele. Two SNPs, 
rs646776 and rs599839 from CELSR2-PSRC1-SORT1 cholesterol gene cluster were 
significantly associated with LDL and total cholesterol and marginally associated 
with HDL but not TG. Each addition of the A allele for rs646776 was associated with 
an increase in total cholesterol and LDL levels and a decrease in HDL levels. For 
rs599839 each addition of the G allele was associated with an increase in total 
cholesterol and LDL levels and a decrease in HDL levels (Table 8, Figure 8). A 
coding region polymorphism, rs738409, encoding I148M in patatin-like 
phospholipase domain containing 3 (PNPLA3), synonym adiponutrin (Kovac and 
Rozman, 2015), was significantly associated with TG and HDL (Table 7). Each 
additional G allele of rs738409 was associated with higher TG and lower HDL. For 
the circadian clock metabolism markers, rs228669 in the PER3 gene was 
significantly associated with TG but not total cholesterol, HDL or LDL. Each 
addition of the A allele for rs228669 in the PER3 gene was significantly associated 
with higher levels of TG. All statistically significant associations remained after 
adjusting for gestational age at sampling, BMI and race (Table 8, Figure 8). We also 
performed a sensitivity analysis in White individuals (Hispanic and non-Hispanic) 
and the results remained significant when excluding Asian individuals. 
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Table 7: Second trimester lipid levels by SNP for significant associations. 
  Mean (SD) [mg/dL] 




























































































































1.24 × 10-6 
SD, standard deviation; CHOL, cholesterol; LDL, low density lipoprotein; HDL, high 
density lipoprotein; TG, triglycerides. Effect sizes for significant (Bonferroni-corrected p 
value < 1.8 × 10-4) genetic associations with 2nd trimester lipid levels adjusted for relevant 
covariates (BMI, GA, race). 
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Beta coefficients represent the effect sizes, in this case the change in lipids for the given 
genotype compared to the reference genotype. The units are mg/dL. Bonferroni-corrected p 
value < 1.8 × 10-4is presented with red line. P values are plotted in a -log10 scale.
Figure 8: Synthesis-view data visualization of five single nucleotide polymorphisms 
(SNPs) with maternal lipid levels. 
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Table 8: Effect sizes for significant (Bonferroni-corrected p value < 1.8 × 10-4) genetic associations with 2nd trimester lipid 
levels adjusted for relevant covariates (BMI, GA, race). 
 β (SE; P value) 




Adjusted for BMI, GA, race 
 
19.45 (4.13; 2.81×10-6) 
19.40 (4.29; 6.8×10-6) 
 
-7.80 (1.94; 6.35×10-5) 
-7.47 (2.0 1; 2.1×10-4) 
 
27.18 (3.76; <1.0×10-12) 
27.02 (3.9; 1.0×10-11) 
N/S 




Adjusted for BMI, GA, race 
 
18.56 (6.18; 2.77×10-3) 
17.57 (6.38; 6.00×10-3) 
 
-9.97 (2.92; 6.59×10-4) 
-10.78 (2.98; 3.2×10-4) 
 
26.45 (5.66; 3.40×10-6) 




Adjusted for BMI, GA, race 
 
8.16 (6.41; 0.20) 
7.60 (6.60; 0.25) 
 
-7.08 (3.02; 0.02) 
-7.83 (3.09; 1.1×10-2) 
 
12.46 (5.86; 3.39×10-2) 
12.86 (6.05; 3.38×10-2) 
N/S 




Adjusted for BMI, GA, race 
 
16.65 (5.31; 1.79×10-3) 
16.99 (5.48; 2.00×10-3) 
 
-9.24 (2.51; 2.43×10-4) 
-9.16 (2.57; 3.80×10-4) 
 
23.88 (4.87; 1.11×10-6) 




Adjusted for BMI, GA, race 
 
6.53 (5.54; 0,24) 
7.65 (5.72; 0.18) 
 
-7.24 (2.62; 5.75×10-3) 
-6.77 (2.68; 1.18×10-2) 
 
10.55 (5.078; 3.80×10-2) 
12.11 (5.24; 2.11×10-2) 
N/S 
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Adjusted for BMI, GA, race 
N/S  
7.06 (1.65; 2.02×10-5) 
6.64 (1.68; 8.63×10-5) 
N/S  
-34.99 (7.03; 7.65×10-7) 
-32.89 (7.23; 6.18×10-6) 
CG (N=373) 
Unadjusted 
Adjusted for BMI, GA, race 
N/S  
5.74 (1.66; 5.57×10-4) 
5.23 (1.69; 2.02×10-3) 
N/S  
-21.43 (7.058; 2.46×10-3) 
-17.71 (7.25; 1.48×10-2) 




Adjusted for BMI, GA, race 
N/S N/S N/S  
43.32 (10.65; 5.16×10-5) 
43.21 (10.84; 7.24×10-5) 
GA (N=273) 
Unadjusted 
Adjusted for BMI, GA, race 
N/S N/S N/S  
20.89 (5.31; 8.91×10-5) 
20.90 (5.44; 1.30×10-4) 
GG (N=576) N/S N/S N/S Referent 
N/S indicates the association was not significant at the Bonferroni-corrected threshold of p value < 1.8x10-4. β, beta coefficient; SD, 
standard deviation; BMI, body mass index; GA, gestational age at time of sampling; CHOL, cholesterol; LDL, low density lipoprotein; 
HDL, high density lipoprotein;TG, triglyceride. 
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4.1.3. Genetic association with PTB 
Table 9: Genetic association with PTB. 












   0.97 0.89 
CC (N=814) 409 (90.7%) 405 (90.6%)   
CT (N=84) 42 (9.3%) 42 (9.4%)   
TT (N=0) 0 0   
CELSR2 
rs646776 
  0.55 0.30 
AA (N=605) 311 (68.5%) 294 (65.3%)   
GA (N=263) 127 (28.0%) 136 (30.22%)   
GG (N=36) 16 (3.5%) 20 (4.4%)   
CELSR2 
rs599839 
  0.29 0.15 
GG (N=577) 300 (66.4%) 277 (61.6%)   
GT (N=275) 130 (28.8%) 145 (32.2%)   
TT (N=50) 22 (4.9%) 28 (6.2%)   
PNPLA3 
rs738409 
  0.05 0.06 
CC (N=385) 177 (39.0%) 208 (46.2%)   
CG (N=373) 205 (45.2%) 168 (37.3%)   
GG (N=146) 72 (15.9%) 74 (16.4%)   
PER3  
rs228669 
  0.02 0.01 
AA (N=50) 16 (3.5%) 34 (7.6%)   
GA (N=273) 146 (32.2%) 127 (28.4%)   
GG (N=576) 290 (64.2%) 286 (64%)   
P values represent the univariate analysis between each SNP and preterm birth (PTB). 
None of the 4 SNPs from the lipid metabolism genes that were significantly 
associated with 2nd trimester were associated with any PTB or spontaneous PTB 
only. The AA genotype of rs228669 within the PER3 gene was marginally associated 
with an increased risk for PTB (Table 9). This association remained when limiting 
the sample to only spontaneous PTB (p= 0.01). The minor allele frequency for 
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rs228669 was significantly different in Asians compared to Hispanics or Non-
Hispanic Whites (Table 10). When examining only Hispanic and Non-Hispanic 
White individuals the association with PTB remained (p = 0.04).  
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Table 10: Minor allele frequencies for candidate SNPs and differences in frequency by race. 
      Minor Allele Frequency   
  SNPs Minor Allele Overall Hispanic White Non-Hispanic Asian P-value 
ABCA1  rs2066716 A 0.17 0.16 0.18 0.18 0.57 
ABCA1  rs3890182 A 0.09 0.10 0.08 0.11 0.41 
ABCA1  rs4149313 G 0.26 0.25 0.30 0.18 0.003 
ANGPTL3  rs12130333 T 0.20 0.19 0.19 0.23 0.40 
APOA1  rs28927680 G 0.10 0.09 0.11 0.09 0.35 
APOA1  rs5070 A 0.47 0.47 0.49 0.44 0.45 
APOB  rs693 T 0.38 0.38 0.37 0.40 0.76 
APOC1  rs4420638 G 0.13 0.14 0.13 0.10 0.34 
APOE  rs405509 C 0.47 0.46 0.46 0.47 0.96 
APOE  rs7412 T 0.05 0.04 0.06 0.04 0.24 
ARNTL  rs2278749  A 0.22 0.25 0.18 0.22 0.02 
ARNTL  rs6486121 T* 0.49 0.49 0.49 0.47 0.59 
ARNTL  rs7950226 G* 0.47 0.45 0.50 0.49 0.08 
ARNTL  rs11022775 T 0.11 0.10 0.12 0.10 0.53 
CELSR2-PSRC1-SORT1 rs646776 G 0.19 0.18 0.18 0.22 0.31 
CELSR2-PSRC1-SORT1 rs599839 T 0.21 0.20 0.21 0.25 0.34 
CETP rs1800775 C 0.47 0.45 0.48 0.46 0.68 
CLOCK rs3749474 T 0.45 0.47 0.43 0.43 0.18 
CLOCK rs4580704 G 0.31 0.31 0.33 0.32 0.58 
CLOCK rs1464490 C 0.45 0.47 0.43 0.43 0.18 
CLOCK  rs6843722 C 0.43 0.44 0.41 0.41 0.30 
CLOCK  rs6850524 C 0.36 0.35 0.39 0.38 0.34 
CLOCK  rs4864548 A 0.45 0.47 0.42 0.43 0.15 
CLOCK  rs1801260 C 0.21 0.21 0.22 0.23 0.73 
Table continued 
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CRY1 rs3809236 T 0.12 0.12 0.11 0.13 0.73 
CRY1 rs12315175 C 0.19 0.21 0.18 0.16 0.22 
CRY1  rs2287161 C 0.45 0.44 0.47 0.42 0.26 
CRY2 rs2292912 C 0.34 0.33 0.36 0.30 0.25 
DHCR7 rs1630498 G 0.24 0.25 0.23 0.25 0.81 
DHCR7 rs2002064 C 0.25 0.25 0.24 0.25 0.85 
FOXO1  rs10507486 T 0.21 0.21 0.20 0.23 0.54 
FOXO1  rs2297627 C 0.43 0.44 0.43 0.38 0.30 
HMGCR  rs2303152 T 0.07 0.07 0.07 0.12 0.03 
IGF2  rs74050124 A 0.01 0.01 0.01 0.01 0.86 
LCAT  rs1109166 G 0.18 0.18 0.17 0.19 0.73 
LDLR  rs6511720 T 0.09 0.09 0.09 0.11 0.59 
LEPR  rs1137101 A* 0.48 0.47 0.47 0.44 0.06 
LIPC  rs6083 A* 0.49 0.50 0.45 0.44 0.02 
LIPC  rs1800588 T 0.40 0.40 0.42 0.36 0.26 
LIPG  rs2156552 A 0.12 0.11 0.13 0.12 0.33 
LPL  rs328 G 0.09 0.09 0.09 0.07 0.68 
MTNR1B  rs10830963 G 0.31 0.32 0.30 0.30 0.59 
NCAN  rs16996148 T 0.08 0.07 0.09 0.09 0.18 
NPAS2 rs2305160 T 0.27 0.26 0.27 0.30 0.49 
NPAS2 rs11541353 A 0.11 0.11 0.11 0.11 0.98 
PCSK9 rs11591147 T 0.007 0.005 0.008 0.01 0.67 
PER1  rs2585405 C 0.19 0.20 0.19 0.15 0.32 
PER1  rs3027178 C 0.39 0.38 0.42 0.35 0.20 
PER2  rs2304672 C 0.05 0.05 0.05 0.07 0.29 
PER2    rs56013859 C 0.14 0.14 0.13 0.16 0.62 
PER2  rs7602358 G 0.18 0.17 0.19 0.21 0.22 
Table continued 
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PER3  rs228669 A 0.21 0.21 0.23 0.11 0.003 
PER3  rs2640908 T 0.22 0.22 0.24 0.20 0.57 
PNPLA3  rs738409 G 0.37 0.38 0.33 0.40 0.08 
POMC rs28932472 C 0.21 0.22 0.20 0.20 0.48 
PPARA  rs1800206 G 0.04 0.05 0.04 0.03 0.40 
PPARG rs1801282 G 0.10 0.11 0.09 0.08 0.35 
PPARG  rs7638903 A 0.10 0.11 0.09 0.09 0.29 
PPARG1A PPARG  rs8192678 A 0.31 0.32 0.31 0.34 0.75 
PPARGC1A PPARG  rs12640088 C 0.10 0.10 0.10 0.09 0.78 
PPARGC1B PPARG  rs251464 C 0.36 0.36 0.36 0.40 0.52 
SIRT1 rs12413112 A 0.16 0.16 0.16 0.16 0.99 
SIRT1 rs3758391 T* 0.50 0.49 0.49 0.49 0.89 
SIRT1 rs2273773 C 0.14 0.14 0.14 0.12 0.67 
TM6SF2  rs58542926 T 0.06 0.05 0.07 0.06 0.39 
TRIB1 rs17321515 G 0.44 0.43 0.47 0.43 0.23 
VDR  rs17383291 G 0.43 0.42 0.43 0.43 0.91 
VDR  rs2228570 A 0.44 0.45 0.44 0.34 0.02 
*Minor allele for rs6486121 in White-Not Hispanic is C; Minor allele for rs7950226 in White-Not Hispanic is A; Minor allele for 
rs11605924 in Hispanic is A; Minor allele for rs3758391 in Hispanic is C; Minor allele for rs10997860 in White-Not Hispanic is T; 
Minor allele for rs1137101 in Asian is G; Minor allele for rs6083 in Asian is G. MAF, minor allele frequency as calculated from the study 
population. P-value represents the chi-square test for differences in MAF by race. 
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TGs were not associated with PTB in our sample population (OR = 1.00; 95% CI: 
0.997–1.002). Therefore, we investigated whether rs228669 is an effect modifier of 
the relationship between TG and PTB. The interaction between rs228669 and TG 
levels was significant for the GA vs. AA (p = 0.01) genotype and marginally 
significant the GG vs. AA (p = 0.06).  
When stratifying by genotype lower TG levels were associated with PTB in 
individuals with the AA genotype (p= 0.05) whereas higher TG levels were 
associated with PTB in individuals with the GA genotype (p= 0.04) (Table 11). There 
is no association between TG levels and PTB in individuals with the GG genotype 
(p= 0.97). 
Table 11: The association between TG levels and PTB stratified by rs228669 
PER3 genotype. 
PER3 rs228669 Term PTB  P value 















Values are reported as mean (SD) with the number of observations (N) for each cell reported. 
P values represent the association between TG levels and PTB for each PER3 rs228669 
genotype. 
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5. DISCUSSION 
PTB is a major medical and public health concern. Several independent studies have 
shown the associations between maternal dyslipidemia and PTB (Aghaie et al., 
2018; Moayeri et al., 2017; Mudd et al., 2012; Smith, 2018; Smith et al., 2019; Vrijkotte 
et al., 2012). In line with that also meta-analysis was conducted and it was 
demonstrated that elevated total cholesterol and TG are associated with an 
increased risk of PTB, meaning that abnormal levels of maternal lipids during 
pregnancy may have an impact on adverse pregnancy outcomes (Jiang et al., 2017). 
It is well established that circadian disruption has an impact on human metabolic 
health, influencing almost every part of our metabolism including lipid metabolism, 
thus it was valuable to explore the association between polymorphisms in circadian 
clock and lipid metabolism genes with 2nd trimester lipid levels and PTB. 
Variants within the core circadian- or lipid candidate genes previously reported to 
be associated with lipid profiles in non-pregnant adults were significantly 
associated with 2nd trimester lipid levels in pregnant women. To date, little attention 
has been paid to evaluating the importance of circadian clock metabolism in the 
reproductive system in diurnal species, such as humans. Since many metabolic 
functions occur at specific times of day, understanding the role of molecular clock 
gene disruption in the reproductive system is needed to better understand factors 
that increase the risk for PTB/SPTB.  
One of the strongest associations identified was rs7412, a missense variant, in 
the APOE gene with total cholesterol, LDL and HDL. This variant has previously 
been shown to associate with various abnormalities in lipid metabolism and with 
PTB; however, the literature is not consistent on the strength or significance of this 
effect (Jacobs et al., 2016; Steffen et al., 2007). The rs7412 (T) allele, also known as 
Arg176Cys, generally indicates the presence of an ApoE2 allele (Ghebranious et al., 
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2005). In our study, no individuals were homozygous for the T allele; however, 
individuals heterozygous for rs7412 had significantly lower total cholesterol and 
LDL and higher HDL than those homozygous for the A allele indicating a potential 
protective effect from a dyslipidemia profile in those heterozygotes for the ApoE2 
allele. Our study, however, showed no relationship between the rs7412 genotype 
and PTB. 
Two strong associations were identified between two regulatory region variants, 
rs646776 and rs599839, in the CELSR2-PSRC1-SORT1 gene cluster with LDL and 
total cholesterol. Both variations where previously reported to be associated with 
LDL and total cholesterol (Angelakopoulou et al., 2012; Walia et al., 2014). These 
SNPs are in strong linkage disequilibrium (r2 > 0.86) for European and Hispanic 
populations based on data from 1000 genomes3. This lipid related gene cluster 
includes three distinct genes, located on the chromosome 1p13.3 region: The first 
gene from the cluster, CELSR2, encodes a cadherin involved in cell adhesion, the 
second gene, PSRC1, encodes a protein which plays a role in microtubule 
destabilization while the last gene, SORT1, encodes a protein involved in the lipid 
transport (Arvind et al., 2014). Our findings are in the same direction as the other 
published reports of associations with adult lipid levels (Willer et al., 2013). Neither 
SNP was associated with PTB. 
The PNPLA3 missense variant, rs738409, is the most consistently replicated genetic 
risk factor for non-alcoholic fatty liver disease (Kovac and Rozman, 2015; Romeo et 
al., 2008). In our study the G allele of rs738409 was associated with significantly 
higher TG, and significantly lower HDL compared to those homozygous for C allele 
or heterozygous. PNPLA3 is a triacylglycerol lipase that mediates triacylglycerol 
 
3 http://useast.ensembl.org/index.html 
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hydrolysis in adipocytes. The protein may also be involved in the balance of energy 
in adipocytes (Kovac and Rozman, 2015). Romeo et al.. (2008) reported that those 
homozygous for the G allele had more than twofold higher hepatic fat than non-
carriers. Our findings are consistent with previous studies by demonstrating a 
significant relationship between the G allele rs738409 and higher 2nd trimester TG 
levels and lower HDL levels. This SNP was not significantly associated with PTB. 
The PER3 synonymous polymorphism, rs228669, was significantly associated with 
2nd trimester TG levels and marginally associated with PTB. The significant 
relationship of this SNP to 2nd trimester TG levels supports the findings that lipid 
and circadian clock metabolism are interconnected. PER3 is a member of the Period 
family of genes and is expressed in a circadian pattern in the suprachiasmatic 
nucleus, the primary circadian pacemaker in the mammalian brain. Polymorphisms 
in this gene have been mostly linked to sleep disorders (Dallaspezia et al., 2016; 
Hong et al., 2015). Sleep disorders were recently reported to be strongly associated 
with PTB, further supporting the results of our study (Felder et al., 2017). 
Additionally, we identified a modest interaction between rs228669 and TG on the 
association with PTB. We observed an antagonistic interaction where increased TG 
was associated with PTB in individuals with the GA genotype and decreased TG 
was associated with PTB in individuals with the AA genotype. This finding 
suggests that rs228669 acts as an effect modifier of the relationship between TG and 
PTB and may explain some of the inconsistent findings reported on this relationship 
(Felder et al., 2017). Additional studies are needed to further elucidate the role of 
this polymorphism with TG levels during pregnancy and the relationship to PTB. 
To our knowledge this is the first study that focuses on the associations between 
polymorphisms in circadian clock and lipid metabolism genes with 2nd trimester 
lipid levels and PTB. We identified a modest interaction between a SNP in PER3 and 
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TG on the association with PTB in Caifornia population. These findings may shed 
light on the role of TG in PTB and explain the inconsistency in some reported 
associations of TG with PTB. More studies are needed to fully examine the influence 
of circadian clock genetics on PTB and the relationship with lipid levels during 
pregnancy. 
Strong evidence from previous studies has demonstrated circadian patterns at the 
time of onset of the labor. Evidence also indicates that lipid metabolism is under 
the control of the circadian system and dyslipidemia is a strong risk factor for SPTB.  
Genetic epidemiology study has several limitations, what should be considered 
when interpreting the findings. First, the lack of pre-pregnancy lipid levels, which 
would allow us to examine the role of the change in lipid levels during pregnancy 
in PTB. Longitudinal studies are necessary to fully examine the role of lipid 
metabolism in the pathophysiology of PTB. Second, non-fasting samples were used 
which could have a potential effect on the power of study. However, there is little 
substantial evidence that fasting lipids levels are superior to non-fasting samples 
when addressing the prognostic value of lipoproteins and lipids (Driver et al., 2016). 
In fact, there is robust evidence to show that non-fasting blood sampling could 
become a routine practice worldwide (Farukhi and Mora, 2016). Third, our sample 
was relatively small and included multiple racial and ethnic groups. We adjusted 
for race and assessed minor allele differences between racial and ethnic groups for 
all SNPs; however, future well-powered studies are needed in order to perform 
ancestry-specific analyses which could shed more light on the racial and ethnic 
disparities that exist in the prevalence of PTB.  
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6. Major Conclusions 
A modest interaction exists between a maternal SNP in the core circadian clock gene 
PER3 and triglycerides in association with preterm birth. These findings may shed 
light on the role of triglycerides in preterm birth and explain the inconsistency in 
some previously reported associations.  
To our knowledge this is the first study that focuses on the associations between 
SNPs in circadian clock and lipid metabolism genes with 2nd trimester lipid levels 
and PTB. More studies are needed to fully examine the influence of circadian clock 
genetics on PTB and the relationship with lipid levels during pregnancy. 
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7. Glavni zaključki 
Najdena je šibka povezava med SNP pri materah v genu PER3 in trigliceridi v 
povezavi s prezgodnjim rojstvom. Ta ugotovitev lahko osvetli vlogo trigliceridov 
pri prezgodnjem rojstvu in pojasni nedoslednost v nekaterih predhodno objavljenih 
rezultatih. 
Kot nam je znano, je to prva študija, kjer so bile ovrednotene povezave med SNP iz 
genov cirkadiane ure in lipidnega metabolizma z lipidi v drugem trimesečju in PTB. 
Vsekakor je potrebnih še več raziskav, da bi v celoti lahko preučili vpliv cirkadiane 
genetike na PTB in povezanost z ravnjo lipidov med nosečnostjo. 
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8. Extended abstract in Slovenian language 
Uvod 
Prezgodnji porod je porod pred 37. tednom nosečnosti (Ip et al., 2010). Prezgodnji 
porod je v svetu še vedno glavni vzrok za obolevnost in umrljivost novorojenčkov 
in je velik psihofizični stres za nosečnico, visoki stroški zdravljenja pa predstavljajo 
veliko breme zdravstveni blagajni. Če se otrok rodi zelo prezgodaj, ima kljub 
dostopni opremi in zdravljenju malo možnosti za preživetje (Bandoli et al., 2018). 
Prav zaradi teh razlogov je raziskovanje novih označevalcev prezgodnjega poroda 
ključno in zelo pomembno. 
Razlogov za prezgodnji porod je veliko, pomembnejši med njimi so predhodnji 
prezgodnji porod, popuščanje materničnega vratu, večplodna nosečnost, krvavitev 
iz nožnice v nosečnosti, kratek interval med nosečnostmi, neustrezna telesna teža, 
družinska anamneza prezgodnjega poroda, ali je bila tudi sama nosečnica rojena 
kot nedonošenček. Vplivajo tudi okoljski dejavniki, kot so kajenje, pitje alkohola, 
stres, nizek socialno-ekonomski položaj (Ip et al., 2010). 
Družinska anamneza in večkratni prezgodnji porod pri nosečnicah kažeta na 
pomembno prisotnost genetske komponente (Huusko et al., 2018). Kljub dokazom, 
da genetski faktorji vplivajo na gestacijsko starost in da lahko predstavljajo tveganje 
za prezgodnji porod (Zhang et al., 2017), patofiziologija še ni popolnoma jasna. Na 
pričetek poroda vplivata tako materin kot tudi plodov centralni ritmovnik - 
suprahiazmatično jedro (SCN) v možganih, ki uravnava sproščanje kortizola v 
periferne organe. Med normalno nosečnostjo se kortizol v krvnem obtoku sprošča 
z zgodnjim jutranjim vrhom in manjšimi vrhovi po obrokih, najnižjo raven pa 
doseže 3 - 5 ur po začetku spanja (Luque-Fernandez et al., 2014). Kortizol, kot eden 
najbolj izrazitih in fascinantnih cirkadianih ritmov v človeški fiziologiji, kaže na 
močno vpletenost cirkadiane ure pri prezgodnjem porodu (Bandoli et al., 2018). 
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Cilji 
V okviru doktorskega dela smo analizirali genetsko variabilnost s SNP iz genov 
cirkadiane ure in lipidnega metabolizma v povezavi z lipidi drugega trimesečja in 
s prezgodnjim rojstvom. S tem smo ugotoviti, da SNP v genih osrednje cirkadiane 
ure in lipidnega metabolizma vplivajo na raven lipidov v krvi mater v drugem 
trimesečju in so povezani s povečanim tveganjem za PTB.  
 Hipoteze 
1. Polimorfizmi posameznih nukleotidov v cirkadianih in genih metabolizma 
lipidov vplivajo na spremenjeno ravnovesje lipidov pri ženskah s prezgodnjim 
porodom. 
2. Polimorfizmi posameznih nukleotidov v cirkadianih in / ali v lipidnih genih so 
povezani s povečanim tveganjem za prezgodnje rojstvo. 
 
Deregulacija cirkadianega sistema, zaradi genetskih mutacij ali okoljskih 
dejavnikov, lahko pri ljudeh in živalih privede do razvoja različnih stanj. Z uporabo 
različnih modelnih organizmov so pokazali, da je reprodukcijska fiziologija 
(estrogeni cikel, prezgodnji porod, itd.) pod kontrolo cirkadiane ure. Prav genetski 
dejavniki predstavljajo razlog za od 25 do 40% primerov PTB. Zato je koristno iskati 
potencialne genetske povezave med PTB in SNP v genih cirkadianega ritma. Glede 
na jasno biološko povezavo med cirkadianim ritmom in metabolizmom lipidov smo 
preučili razmerje med kandidatskimi cirkadianimi geni, geni lipidnega ravnovesja 
z lipidi v 2. trimesečju in PTB. 
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Zasnova raziskave in opis metod 
Kalifornijska populacija 
Iz populacije 757.853 enojčkov iz zvezne države Kalifornija, ki so bili rojeni med 
julijem 2009 in decembrom 2010, je bilo za študijo izbranih 992 mater (495 s PTB in 
497 kontrol). V drugem trimesečju (od 15 do 20 tedna nosečnosti) je bil v okviru 
presejalnega programa vzorčen serum in shranjen v Biobanki v Kaliforniji. 
Vzorčenje seruma je prav tako potekalo med 15 in 20 tednom nosečnosti in ne na 
tešče. Za vse posameznice se je pripravila tabela z demografskimi značilnostmi, ki 
vključeje tudi osnovni porodni zapisnik z informacijo o rasi/narodnosti, starosti 
matere, indeksu telesne mase, gestacijsko starost in gestacijsko starost v času 
prenatalnega presejanja (15–20 tednov nosečnosti). 
DNA izolacija in meritve lipida 
Lipidi v serumu (celokupni holesterol, HDL, LDL, TG) so bili pomerjeni z aparaturo 
Roche Cobas c 111. DNA bo izolirana s Quickgene-610L kitom (Autogen, Holliston, 
MA, ZDA). Metode in protokoli uporabljeni v študiji so že bili odobreni s strani 
etične komisije. 
Statistične analize so bile izvedene z uporabo programske opreme Plink (Broad 
Institute, Cambridge, MA) in SAS, različice 9.4 (Statistical Analysis Software SAS 
Institute, Cary, NC). Vse meritve lipidov, ki so bile normalno porazdeljene so bile 
uporabljene za analizo. SNP v genih cirkadiane ure in lipidnega metabolizma so bili 
ovrednoteni za povezavo z lipidnim profilom v krvi (celokupni holesterol, HDL, 
LDL, TG). Vsaka povezava SNP z lipidom je bila ovrednotena z uporabo linearne 
regresije.  
Rezultati so bili popravljeni za večkratno primerjavo z metodo Bonferroni (0,05 / (68 
SNP x 4 meritev lipidov) = p <1.8 × 10-04). Povezave SNP z lipidi, ki so bile statistično 
značilne po Bonferroni popravku, so bile v nadaljevanju preverjene še za povezavo 
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s PTB in sicer z uporabo z logistične regresije. SNP, ki so bili statistično značilno 
povezani z lipidi in/ali PTB so bili v nadaljevanju ocenjeni kot možni modifikatorji 
učinka v korelaciji lipid-PTB z vključitvijo termina interakcije SNP-lipid v model 
logistične regresije. Za pomembne interakcije so bili izvedeni ločeni logistični 
regresijski modeli, stratificirani po SNP genotipu. 
Izbor genetskih markerjev  
Skupno 72 SNP je bilo izbranih iz genov cirkadianega ritma in lipidnega 
metabolizma glede na njihovo biološko vlogo v cirkadianem in lipidnem 
metabolizmu in glede na njihovo povezavo z različnimi metaboličnimi in 
reproduktivnimi fenotipi. 
Fluidigm tehnologija-DNA čipi 
Fluidigm sistem 192.24 Genotyping IFC je uporabljen za visoko zmogljivo 
genotipizacijo. Protokol je zasnovan tako, da z enim samim zagonom v 4608 
vzporednih reakcij lahko določimo genotipe za 24 tarč kar 192 vzorcem. Pred 
izvedbo genotipizacije smo vse TaqMan sonde (Applied Biosystems, Foster City, 
CA) za vse markerje testirali na CEPH kontrolah z uporabo GT 192.24 Dynamic 
Array Integrated Fluidic Circuits (Fluidigm, San Francisco, CA, USA). 
Rezultati in diskusija 
V okviru doktorskega dela smo analizirali genetsko variabilnost s SNP iz genov 
cirkadiane ure in lipidnega metabolizma v povezavi z lipidi drugega trimesečja in 
s prezgodnjim rojstvom. S tem smo želeli ugotoviti, ali lahko SNP v genih osrednje 
cirkadiane ure in lipidnega metabolizma vplivajo na raven lipidov v krvi mater v 
drugem trimesečju in ali je to lahko povezano s povečanim tveganjem za PTB. S 
pomočjo sistematičnega pregleda literature smo izbrali 72 kandidatnih SNP iz 
genov cirkadiane ure in lipidnega metabolizma, ki so bili v predhodnih študijah 
povezani s presnovnimi fenotipi, vključno z dislipidemijo, debelostjo, diabetesom 
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tipa 2, indeksom telesne mase, nealkoholno bolznijo jeter, ali reproduktivnimi 
fenotipi, kot je tudi PTB. Na populaciji Kalifornijskih mater smo preverili 
povezanost z ravnjo lipidov v drugem trimesečju in nazadnje še s prezgodnjim 
rojstvom. Od 72 SNP v 40 genih je bilo kar 40 SNP značilno povezanih z najmanj 
enim lipidom. Po Bonferroni popravku je ostalo statistično značilnih pet SNP tako 
iz štirih genov lipidnega metabolizma kot tudi cirkadiane ure (APOE, CELSR2, 
PNPLA3, PER3). Šest SNP iz genov cirkadiane ure (CLOCK in PER3) in dva SNP iz 
genov lipidnega metabolizma (LIPC in ABCA1) je po popravku doseglo mejno 
signifikanco z najmnaj enim lipidom v krvi nosečnic. SNP, ki so bili statistično 
značilno povezani z lipidi ovrednotili še za povezavo s prezgodnjim rojstvom. 
Edina povezava, ki je ostala statistično značilna je bila pri SNP rs228669 v 
cirkadianem genu PER3. Vsak dodatni A alel je bil statistično značilno povezan z 
višjimi koncentracijami TG. Genotip AA je bil značilno povezan tudi s SPTB. V 
nadaljevanu smo preverili tudi ali ima morda SNP rs228669 vpliv na učinek v 
razmerju med TG in PTB. Za ta namen smo naredili stratifikacijo po genotipu in 
pokazali, da je nižja koncentracija TG povezana s PTB pri posameznicah z 
genotipom AA, medtem ko so bile višje koncentracije TG povezane s PTB pri 
posameznicah z genotipom GA. Nobene statistično značilne povezave med TG in 
PTB nismo opazili pri nosečnicah z genotipom GG.  
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Table S14: Previously reported metabolic and reproductive associations with selected candidate SNPs from core circadian 
regulating genes.  
 
4 The literature from Table S1 is available in the article published in Frontiers in Genetics (Kovac et al., 2019). 
Gene/Gene name/ SNP  Functional 
consequence 






   
rs3749474 3’ UTR 
 
weight loss, obesity, BMI, 
infertility 
 
(Garaulet et al. 2010; Garaulet et al. 2009; 
Loria-Kohen et al. 2016; Shen et al. 2015) 
rs4580704 intron variant metabolic syndrome, obesity, 
overweight, BMI, type-2 diabetes, 
coronary heart disease related 
dyslipidemia, non-alcoholic fatty 
liver disease 
(Garaulet et al. 2011; Bandín et al. 2013; 
Corella et al. 2016; Sookoian et al. 
2008;Garaulet et al. 2009; Gomez-Delgado et 
al. 2015; Garaulet et al. 2010; Garaulet et al. 
2010; Sookoian et al. 2007) 
rs1464490 intron variant obesity (Garaulet et al. 2010; Corella et al. 2016) 
Table continued 
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rs6843722 intron variant obesity (Valladares et al. 2015; Sookoian et al. 2008; 
Sookoian et al. 2007) 
rs6850524 intron variant metabolic syndrome, obesity, 
idiopathic recurrent spontaneous 
abortion, infertility 
(Sookoian et al. 2008; Hodžić et al. 2018; Ye et 





metabolic syndrome, obesity, type-
2 diabetes 
 
(Scott et al. 2008; Sookoian et al. 2008; 
Krishnan et al. 2017; Uemura et al. 2016; 
Sookoian et al. 2010) 
rs1801260 3’ UTR 
 
insulin metabolism, metabolic 
syndrome, fatty acids, obesity, LDL 
cholesterol  
(Garcia-Rios et al. 2014; Garaulet et al. 2010; 
Bandín et al. 2013; Galbete et al. 2012; Tsuzaki 
et al. 2010; Scott et al. 2008; Uemura et al. 
2016; Garaulet et al. 2012;Garaulet et al. 2010; 
Garaulet et al. 2009; Garaulet et al. 2011; Shen 
et al. 2015) 
ARNTL 
Aryl Hydrocarbon Receptor Nuclear 
Translocator Like 
  
rs2278749  intron variant infertility (Kovanen et al. 2010) 
Table continued 
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rs6486121 intron variant type-2 diabetes, hypertension, 
HDL cholesterol 
(Woon et al. 2007; Klarin et al. 2018) 
rs7950226 intron variant type-2 diabetes, gestational 
diabetes mellitus, hypertension, 
metabolic syndrome 
 
(Pappa et al. 2013; Kelly et al. 2012;  
Woon et al. 2007) 
rs11022775 intron variant gestational diabetes mellitus, type-
2 diabetes 








reproductive complications (Chu et al. 2008) 
rs3027178 synonymous 
variant 











Period Circadian regulator 2 
rs2304672 5’ UTR 
 
plasma fatty acid composition, 
obesity 
(Garcia-Rios et al. 2012; Garaulet et al. 2010) 
rs56013859 intron variant fasting blood glucose (Englund et al. 2009) 
rs7602358 
 
intron variant type-2 diabetes (Kelly et al. 2012) 
PER3 




hepatocellular carcinoma (Zhang et al. 2014) 
rs2640908 synonymous 
variant 
hepatocellular carcinoma (Zhang et al. 2014; Zhao et al. 2012) 
CRY1 
Cryptochrome Circadian regulator 3 
rs2287161 regulatory 
region variant 
insulin resistance (Dashti et al. 2014) 
 
 Table continued 
 











(Zhang et al. 2014) 
rs12315175 intron variant type-2 diabetes (Kelly et al. 2012) 
CRY2 
Cryptochrome Circadian regulator 2 
  
rs2292912 non coding 
transcript exon 
variant 
type-2 diabetes (Kelly et al. 2012) 
rs11605924 intron variant type-2 diabetes, fasting glucose 
glucose metabolism, HDL 
cholesterol 
(Manning et al. 2012; Dupuis et al. 2010; 
Langlois et al. 2016; Dashti et al. 2015; 
Renström et al. 2015; Mirzaei et al. 2014; Hu 















Neuronal PAS domain Protein 2  
rs2305160 missense 
variant 




hypertension (Englund et al. 2009) 
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Table S25: Previously reported metabolic and reproductive associations with selected candidate SNPs for circadian related and 
lipid genes.  
 
5 The literature from Table 2 is available in the article published in Frontiers in Genetics (Kovac et al., 2019). 
Gene/Gene name/ SNPs Functional 
consequence 





   
 
rs12413112 intron variant BMI (Clark et al. 2012) 
rs3758391 intergenic variant type- 2 diabetes (Cruz et al. 2010) 
rs2273773 synonymous 
variant 
BMI, hypertension, total 
cholesterol, hyperglycemia, obesity 
(Berg et al. 2009; Zhong et al. 2015; Kilic 
et al. 2014; Shimoyama et al. 2012; 
Shimoyama et al. 2011) 
rs10997860 intron variant reproductive complications, 
placental abruption 
 
(Workalemahu et al. 2013) 
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Cadherin, EGF LAG Seven-pass G-
type Receptor 2, Proline and Serine rich 
coiled-coil 1, Sortilin 1 
rs646776 regulatory region 
variant 
LDL cholesterol, HDL cholesterol, 
C-reactive protein, blood protein 
levels, coronary artery disease  
(Hubacek et al. 2017; Walia et al. 2014; 
Jansen et al. 2014; Gigante et al. 2012; Qi 
et al. 2011; Consortium 2011; Dumitrescu 
et al. 2011; Shirts et al. 2011; Devaney et 
al. 2011; L. Qi et al. 2011; Lu et al. 2010; 
Keebler et al. 2010; Saleheen et al. 2010; 
Keebler et al. 2009; Chasman et al. 2008; 
Murray et al. 2009; Muendlein et al. 2009; 
Lanktree et al. 2009; Sandhu et al. 2008; 
Zhou et al. 2015; Arvind et al. 2014; 
Kathiresan et al. 2008; Suhre et al. 2017; 
Sun et al. 2018; Aulchenko et al. 2009; 
Surakka et al. 2015; Kanai et al. 2018; 
Ligthart et al. 2016; Reilly et al. 2011; 
Table continued 
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Wallace et al. 2008; He et al. 2017; Guo et 
al. 2015; Grallert et al. 2012) 
rs599839 regulatory region 
variant 
LDL cholesterol, fasting glucose, 
coronary artery disease, total 
cholesterol, triglycerides 
(Kathiresan et al. 2008; Zhou et al. 2015; 
Cho et al. 2009; Sandhu et al. 2008; 
Spracklen et al. 2017; Schunkert et al. 
2011; Willer et al. 2008; Breitling et al. 
2015; Abe et al. 2015; Fujimaki et al. 2015; 
Gigante et al. 2012; Zhou et al. 2011; Ellis 
et al. 2011; He et al. 2017; 
Angelakopoulou et al. 2012; Wang et al. 
2011; Ogawa et al. 2010; Ma et al. 2010;  
Roslin et al. 2009; Kleber et al. 2010; 
Linsel-Nitschke et al. 2010; Coronary 
Artery Disease Consortium et al. 2009; 
Samani et al. 2008; Sandhu et al. 2008; 
Wallace et al. 2008; Guo et al. 2015; 
Grallert et al. 2012) 
    
Table continued 
 







missense variant LDL cholesterol, blood pressure (Queiroz et al. 2015) 
PPARA  





type-2 diabetes, obesity, 
LDL cholesterol, dyslipidemia, 
hypertriglyceridemia 
(Andrulionytė et al. 2007; Dong et al. 
2015; Costa-Urrutia et al. 2017; Alsaleh et 
al. 2011; Bouchard-Mercier et al. 2011; 
Fan et al. 2015; Gu et al. 2015) 
PPARG 
Peroxisome Proliferator Activated Receptor 
Gamma 
  
rs7638903 intron variant type-2 diabetes, (Claussnitzer et al. 2014) 
 
 
 Table continued 
 





missense variant type-2 diabetes, BMI, insulin 
resistance, total cholesterol, 
triglycerides, obesity, 
hypertension, metabolic syndrome, 
coronary artery disease 
 
 
(Queiroz et al. 2015; Zhu et al. 2017; 
Bystrova et al. 2017; Bordoni et al. 2017; 
Hindy et al. 2016; Huang et al. 2016; 
Phani et al. 2016; Hsiao and Lin 2015; 
Chan et al. 2013; Trombetta et al. 2013; 
Wang et al. 2012; Shi et al. 2012; 
Namvaran et al. 2011; Bego et al. 2011; 
Estivalet et al. 2011; Sanghera et al. 2010; 
Tellechea et al. 2009; Ben Ali et al. 2009; 
Dedoussis et al. 2009; Stancáková et al. 
2009; Regieli et al. 2009; Gaulton et al. 
2008; Sanghera et al. 2008; Kilpeläinen et 
al. 2008; Wang et al. 2015; Hoffmann et 
al. 2018; Zhao et al. 2017; Manning et al. 
2012; Morris et al. 2012; Scott et al. 2007; 
Zeggini et al. 2007; Saxena et al. 2007; Wu 
et al. 2016; Li et al. 2015; Tan et al. 2014; 
S. Ding et al. 2012; Gouda et al. 2010; 
Table continued 
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DIAbetes Genetics Replication And 
Meta-analysis (DIAGRAM) Consortium 







   
rs12640088 intron variant 
 




rs8192678 missense variant type-2 diabetes, Non-alcoholic 
steatohepatitis, insulin resistance, 
BMI 
(Queiroz et al. 2015; L. Zhu et al. 2017; 
Tai et al. 2016; Franks et al. 2014; Lin et 
al. 2013; Povel et al. 2010; Deeb et al. 
2009) 
rs251464 intron variant BMI, type-2 diabetes (Villegas et al. 2014) 
Table continued 
 





Vitamin D Receptor 
   
rs17383291 intergenic variant colorectal cancer (Poynter et al. 2010) 
rs2228570 start lost BMI, insulin resistance, type-2 
diabetes, triglycerides, HDL 
cholesterol, hypertension 
(Koroglu et al. 2014; Safar et al. 2018; Jia 
et al. 2015; Zhong et al. 2015; Li et al. 
2014) 
FOXO1 
Forkhead Box O1 
   
rs10507486 intron variant carotid atherosclerosis, type-2 
diabetes 
(Kedenko et al. 2014; Sookoian et al. 
2009) 
rs2297627 intron variant carotid atherosclerosis (Kedenko et al. 2014; Muller et al. 2015; 
Müssig et al. 2009) 
MTNR1B 
Melatonin Receptor 1B 
   
rs10830963 intron variant gestational diabetes mellitus, type-
2 diabetes, fasting glucose, 
hemoglobin A1C, insulin 
(Garaulet et al. 2015; Lu et al. 2017; de 
Luis et al. 2018; Tarnowski et al. 2017; 
Ling Wu et al. 2016; Lane et al. 2016; 
Table continued 
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resistance, birth weight, obesity-
related traits 
Kong et al. 2015; Salman et al. 2015; 
Zheng et al. 2015; Goni et al. 2014; 
Renström et al. 2015; Zhang et al. 2014; 
Ren et al. 2014; Zhao et al. 2014; Huopio 
et al. 2013; Stuebe et al. 2014; Mao 2012; 
Liao et al. 2012; Kwak et al. 2012; Wang 
et al. 2011; Ohshige et al. 2011; Reinehr et 
al. 2011; Rasmussen-Torvik et al. 2010; 
Hu et al. 2010; Holzapfel et al. 2011; 
Renström et al. 2011; Tam et al. 2010; C. 
Liu et al. 2010; Ingelsson et al. 2010; 
Simonis-Bik et al. 2010; Chambers et al. 
2009; Langenberg et al. 2009; Sparsø et al. 
2009; Rönn et al. 2009; Staiger et al. 2008; 
Beaumont et al. 2018; Comuzzie et al. 
2012; Dupuis et al. 2010; Evangelou et al. 
2018; Horikoshi et al. 2016; Kanai et al. 
2018; Keaton et al. 2018; Kettunen et al. 
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2012; Loomis et al. 2018; DIAbetes 
Genetics Replication And Meta-analysis 
(DIAGRAM) Consortium et al. 2014; 
Morris et al. 2012; Palmer et al. 2015; 
Prokopenko et al. 2014, 2009; Q. Qi et al. 
2017; Rasmussen-Torvik et al. 2012; 
Wheeler et al. 2017; Wood et al. 2017; Wu 
et al. 2018; Xue et al. 2018; Zhao et al. 
2017; Beaumont et al. 2018; Dupuis et al. 
2010; Horikoshi et al. 2016; Lu et al. 2017; 
Wu et al. 2016; Zhang et al. 2014; Mao et 







   
Table continued 
 






rs1137101 missense variant triglycerides, gestational diabetes 
mellitus, fasting glucose, BMI, 
cardiovascular disease, preterm 
birth, type-2 diabetes, plasma 
lipids 
(Queiroz et al. 2015; Manriquez et al. 
2018; Anghebem-Oliveira et al. 2017; Wu 
et al. 2017; Zayani et al. 2017; Rojano-
Rodriguez et al. 2016; Mahmoudi et al. 
2016; Salem et al. 2016; Yang et al. 2016; 
Kasim et al. 2016; Urbanek et al. 2012; 
Tabassum et al. 2012; Furusawa et al. 
2010; Ben Ali et al. 2009; Gregoor et al. 
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rs12654264 intron variant HDL cholesterol, LDL cholesterol, 
triglycerides, fasting blood glucose 
(Kathiresan et al. 2008; Kim et al. 





   
rs2274941 non coding transcript 
exon variant 





   
rs1630498 intron variant low birth weight, prematurity (Steffen et al. 2007; Bream et al. 
2013) 




   
Table continued 
 








rs11591147 missense variant LDL cholesterol, total cholesterol, 
cardiovascular disease, fasting 
glucose, type-2 diabetes 
(Kathiresan et al. 2008; Qiu et al. 
2017; Schmidt et al. 2017; Feng et 
al. 2017; Guo et al. 2016; Tsai et al. 
2015; Guella et al. 2010; 
Kathiresan et al. 2007; Kettunen et 
al. 2012; Nagy et al. 2017; Nelson 
et al. 2017; Rasmussen-Torvik et 
al. 2012; Smith et al. 2010; 
Southam et al. 2017; Spracklen et 
al. 2017; Chasman et al. 2012; 
Kettunen et al. 2016; Klarin et al. 
2018; Nagy et al. 2017; Nelson et 
al. 2017; Pott et al. 2018; Surakka 
Table continued 
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et al. 2015; van der Harst and 




   
rs1800775 regulatory region 
variant 
HDL cholesterol, LDL cholesterol, 
total cholesterol, triglycerides, 
coronary artery disease, metabolic 
syndrome, dyslipidemia 
(Andaleon et al. 2018; Ridker et al. 
2009; Wakil et al. 2016; Wu et al. 
2013, 201; Chasman et al. 2009; 
Saxena et al. 2007, 200; Shin et al. 
2014; Kathiresan et al. 2008; Nie et 
al. 2017; Hou et al. 2017; Webb et 
al. 2017; Hebbar et al. 2017; 
Ganesan et al. 2016; Hu et al. 2016; 
Guo et al. 2015; Barbosa et al. 
2012; Winkler et al. 2015; Kenny et 
al. 2011; Ma et al. 2010; Ronald et 
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Murray et al. 2009; Sabatti et al. 
2009; Boes et al. 2009; Kathiresan 




   
rs1109166 3’ UTR 
 




Lipase C, Hepatic 
type 
   
rs6083 missense variant gestational age, preterm prelabor 
rapture of membranes, HDL 
cholesterol 
(Steffen et al. 2007; Romero et al. 
2010; R. Yang et al. 2010) 
rs1800588 intron variant Total cholesterol, HDL cholesterol, 
triglyceride levels, LDL cholesterol, 
(Kathiresan et al. 2008; Kanai et al. 
2018; Lu et al. 2016; Spracklen et 
al. 2017; Nie et al. 2017; Guardiola 
Table continued 
 





et al. 2015; Ríos-González et al. 
2014; White et al. 2015; Ayyappa 
et al. 2013; Villard et al. 2013; 
Rudkowska et al. 2013; Ahmad et 
al. 2011; Liu et al. 2011; Yang et al. 
2010; Hamrefors et al. 2010; 
Hodoglugil et al. 2010; Fan et al. 
2009; Sabatti et al. 2009; Lu et al. 
2008) 
LIPG  
Lipase G, endothelial 
type 
   
rs2156552 intergenic variant HDL cholesterol, ischemic stroke (Kathiresan et al. 2008; 
Waterworth et al. 2010; Klarin et 
al. 2018; Spracklen et al. 2017; 
Carty et al. 2012; Khetarpal et al. 
2011; Jeemon et al. 2011; Ma et al. 
Table continued 
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2010; Keebler et al. 2009; Murray 
et al. 2009; Gaulton et al. 2008) 
LPL  
Lipoprotein Lipase 
   
rs328 stop variant HDL cholesterol, triglycerides, 
blood pressure, coronary heart 
disease 
(Kathiresan et al. 2008; Kurano et 
al. 2016; Tan et al. 2012; Yeo et al. 
2017; Zhou et al. 2013; Yue et al. 
2017; Shahid et al. 2017; Ayyappa 
et al. 2017; Larifla et al. 2016; 
White et al. 2015; Pirim et al. 2015; 
Emamian et al. 2015; Guardiola et 
al. 2015; De Castro-Orós et al. 
2014; Jeemon et al. 2011; Garcia-
Rios et al. 2011; Dumitrescu et al. 
2011; Legry et al. 2011; Tang et al. 
2010; Keebler et al. 2009; Ronald et 
al. 2009; Chen et al. 2009;  
Table continued 
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Murray et al. 2009; Drenos et al. 
2009; Sabatti et al. 2009; Webster 
et al. 2009; Sagoo et al. 2008; 
Kathiresan et al. 2007) 
ABCA1 
ATP Binding Cassette 
Subfamily A Member 
1 
   
rs2066716 missense variant prematurity, gestational age, birth 
weight 
(Steffen et al. 2007) 
rs3890182 intron variant 
 
HDL cholesterol, overweight, 
obesity 
(Kathiresan et al. 2008; 
Waterworth et al. 2010; Yao et al. 
2016; Yao et al. 2016; Kong et al. 
2015; Jeemon et al. 2011; Sabatti et 
al. 2009) 
rs4149313 missense variant Gestational age (Steffen et al. 2007) 
 
 
   
Table continued 
 






rs6511720 intron variant LDL cholesterol, total cholesterol, 
coronary artery disease, 
hypertension 
(Kathiresan et al. 2008; Chasman 
et al. 2009; Inouye et al. 2012; 
Lettre et al. 2011; Middelberg et al. 
2011; Nelson et al. 2017; Teslovich 
et al. 2010; van der Harst et al. 
2018; Willer et al. 2008; Feng et al. 
2017; Shetty et al. 2015; Ye et al. 
2014; Elbers et al. 2012; Rafiq et al. 
2012; Grallert et al. 2012; 
Consortium 2011; Gupta et al. 
2010; Keebler et al. 2009; Ronald et 
al. 2009; Chasman et al. 2008; Ding 
et al. 2009; Linsel-Nitschke et al. 
2010; Kathiresan et al. 2009) 
    
Table continued 
 





rs693 synonymous variant LDL cholesterol, HDL cholesterol, 
triglycerides, total cholesterol, 
ischemic stroke, coronary heart 
disease 
(Kathiresan et al. 2008; Sabatti et 
al. 2009; Aulchenko et al. 2009; 
Saxena et al. 2007; Xiao et al. 2017; 
Niu et al. 2017; Au et al. 2017;  
Hubacek et al. 2017; Chen et al. 
2016; Rodrigues et al. 2013; 
Takeuchi et al. 2012; Shirts et al. 
2011; Haas et al. 2011; Walker et 
al. 2011; Park et al. 2011; 
Hamrefors et al. 2010; Murray et 
al. 2009; Sabatti et al. 2009; 





   
Table continued 
 





rs28927680 3’ UTR 
 
triglycerides, total cholesterol (Kathiresan et al. 2008; Jeemon et 
al. 2011b; Sabatti et al. 2009) 




   
rs405509 regulatory region 
variant 
prematurity, gestational age, birth 
weight, serum fasting insulin, 
overweight 
(Steffen et al. 2007; Edwards et al. 
2011; Komurcu-Bayrak et al. 2011; 
Clark et al. 2009) 
rs7412 missense variant gestational age, LDL cholesterol, 
total cholesterol, HDL cholesterol, 
coronary artery disease, premature 
coronary artery disease, 
dyslipidemia, type-2 diabetes 
(Steffen et al. 2007; Surakka et al. 
2015; van der Harst et al. 2018; 
Wu et al. 2013; Zhu et al. 2017; 
Ansari et al. 2017; Hanh et al. 
2016;  
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Ripatti et al. 2016; Smolková et al. 
2015; Futema et al. 2015; Cahua-
Pablo et al. 2016; Tejedor et al. 
2014; Alharbi et al. 2014; Mazzotti 
et al. 2014; Takeuchi et al. 2012; 
Barbosa et al. 2012; Smith et al. 
2010; Chasman et al. 2012) 
APOC1  
Apolipoprotein C1 
   
rs4420638 intergenic variant LDL cholesterol, HDL cholesterol, 
total cholesterol, triglycerides, 
coronary artery disease, c-reactive 
protein, BMI, type-2 diabetes 
(Kathiresan et al. 2008; Burkhardt 
et al. 2008; Dehghan Abbas et al. 
2011; Elliott et al. 2009; Keller et al. 
2013; Kim et al. 2017; Ligthart et 
al. 2016; Nikpay et al. 2015; Okada 
et al. 2011; Sandhu et al. 2008; 
Saxena et al. 2007; Spracklen et al. 
2017; Teslovich et al. 2010;  
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Waterworth et al. 2010; Willer et 
al. 2013; Winkler et al. 2015; Zhao 
et al. 2017; Li et al. 2017; Hubacek 
et al. 2017; Y. Lu et al. 2016; Shirali 
et al. 2016, 201; Chung et al. 2014;  
Varga et al. 2014; Aslibekyan et al. 
2012; Adeyemo et al. 2012; 
Deshmukh et al. 2012; Middelberg 
et al. 2011; Shirts et al. 2011; Liu et 
al. 2011; Kenny et al. 2011; Park et 
al. 2011; Mohlke et al. 2008; 




Domain Containing 3 
   
rs738409 missense variant non-alcoholic fatty liver disease 
pathogenesis, total cholesterol, 
(Romeo et al. 2008; Kovac and 
Rozman 2015; Speliotes et al. 2011; 
Table continued 
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triglycerides, insulin resistance BMI, 
gestational diabetes, metabolic 
syndrome 
Klarin et al. 2018; Alam et al. 2017; 
Huang et al. 2017, 3; Seko et al. 
2018; Kim et al. 2018, 3; Gao et al. 
2017; Miyaaki et al. 2018; 
Kupcinskas et al. 2017; Uygun et 
al. 2017; Atkinson et al. 2017; 
Salameh et al. 2016; Rausch et al. 
2016; Krawczyk et al. 2017; Flores 
et al. 2016; Chan et al. 2017; Wang 
et al. 2016; Vespasiani-Gentilucci 
et al. 2016; Xia et al. 2016; Jiménez-
Sousa et al. 2016; Tang et al. 2015; 
Akuta et al. 2016; Scheiner et al. 
2015; Falleti et al. 2016; Buch et al. 
2015; Fan et al. 2016; Mancina et 
al. 2016; Ueyama et al. 2016; Ali et 
al. 2016; Pan et al. 2015; Pontoriero 
et al. 2015; Oniki et al. 2015; 
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Huang et al. 2015, 3; Mondul et al. 
2015; Salameh et al. 2016; Mangge 
et al. 2015; Petta et al. 2016; Xu et 
al. 2015; Kitamoto et al. 2015; Bo et 
al. 2015; Zhang et al. 2015; Yasui 
et al. 2015; Shang et al. 2015; 
Huang et al. 2015; Shen et al. 2015; 
Zhang et al. 2014; Tai et al. 2015; 
Rüeger et al. 2015; Lee et al. 2014; 
Chamorro et al. 2014; Smagris et 
al. 2015; Viitasalo et al. 2015; Liu 
et al. 2014; Stojkovic et al. 2014; 
Lin et al. 2014; Singal et al. 2014; 
Shen et al. 2014; Sato et al. 2014, 
2014; Trépo et al. 2014; Burza et al. 
2014; Hassan et al. 2013; Moritou 
et al. 2013; Bhatt et al. 2013;  
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Viganò et al. 2013; Kitamoto et al. 
2015; Verrijken et al. 2013; 
Guichelaar et al. 2013; Hernaez et 
al. 2013; Guyot et al. 2013; Valenti 
et al. 2012; Pirazzi et al. 2012; 
Takeuchi et al. 2013; Kawaguchi et 
al. 2012; Burza et al. 2014; Graff et 
al. 2013; Petta et al. 2012; Zain et 
al. 2012; Trepo et al. 2012; Cox et 
al. 2011; Sevastianova et al. 2011; 
Trépo et al. 2011; Sookoian and 
Pirola 2016; Trépo et al. 2011; 
Wagenknecht et al. 2011; Stickel et 
al. 2011; Cai et al. 2011; Hotta et al. 
2010; Krawczyk et al. 2011; Lin et 
al. 2011; Basantani et al. 2011; 









Chalasani et al. 2010; Valenti et al. 
2010; Speliotes et al. 2010; Romeo 
et al. 2010; Valenti et al. 2010; 
Romeo et al. 2010; Sookoian et al. 
2009; Kantartzis et al. 2009; 




Superfamily Member 2 
   
rs58542926 missense variant non-alcoholic fatty liver disease 
pathogenesis, triglycerides, lipid 
abnormalities, total cholesterol 
(Pirola and Sookoian 2015; 
Dongiovanni et al. 2015; Kim et al. 
2017; Ehrhardt et al. 2017; Wang et 
al. 2016; Kanth et al. 2016; 
Sookoian et al. 2016; Eslam et al. 
2016; Chen et al. 2015, 2; 
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Boonvisut et al. 2016; Tang et al. 
2015; Falleti et al. 2016; Goffredo 
et al. 2016; Petta et al. 2016; 
Sookoian et al. 2015; Liu et al. 
2014, 2; Kanai et al. 2018; Surakka 




   
rs16996148 intergenic variant LDL cholesterol, HDL cholesterol, 
triglycerides, coronary heart disease 





Gene 2 Protein 
   
rs17321515 intron variant LDL cholesterol, HDL cholesterol, 
triglycerides,  
coronary heart disease 
(Kathiresan et al. 2008; L. Wang et 
al. 2015; Ollila et al. 2012; Dastani 
et al. 2012; Aung et al. 2011; Zhou 
Table continued 
 










et al. 2011; Park et al. 2011; 
Keebler et al. 2009; Hegele et al. 
2009; Huang et al. 2016; Mohlke et 
al. 2008; Zhou et al. 2013; Willer et 
al. 2008) 
ANGPTL3  
Angiopoietin Like 3 
   
rs12130333 intergenic variant hypertriglyceridemia, triglycerides (Kathiresan et al. 2008; Hegele et 
al. 2009; Wang et al. 2008) 
 
IGF2  
Insulin like growth 
factor 2 
   
rs74050124 3’ UTR 
 
pregnancy complications (Queiroz et al. 2015) 
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Table S3 : p-values for the association between 2nd trimester lipid levels and SNPs circadian genes. 
SNPs Core circadian regulating genes CHOL HDL LDL TG 
rs3749474 CLOCK 0.86 5.37 × 10-2 0.79  8.70 × 10-4 
rs4580704 CLOCK  0.31 1.93 × 10-3 0.63 1.02 × 10-2 
rs1464490 CLOCK  0.85 4.94 × 10-2 0.75 9.72 × 10-4 
rs6843722 CLOCK  0.73 8.07 × 10-3 0.83 4.43 × 10-4 
rs6850524 CLOCK  0.44 2.27 × 10-4 0.54 2.05 × 10-3 
rs4864548 CLOCK  0.89 4.14 × 10-2 0.73 8.93 × 10-4 
rs1801260 CLOCK  0.42 0.40 9.28 × 10-2 0.92 
rs2278749  ARNTL 0.67 3.56 × 10-3 0.82 1.50 × 10-3 
rs6486121 ARNTL 6.21 × 10-3  0.93 6.42 × 10-3 0.50 
rs7950226 ARNTL 0.62 6.88 × 10-3 0.85 0.21 
rs11022775 ARNTL 0.56 0.25 0.30 6.35 × 10-2 
rs2585405 PER1  2.31 × 10-2 0.80 1.06 × 10-2 0.76 
rs3027178 PER1  0.17 0.42 0.14 2.97 × 10-3 
rs2304672 PER2  0.65 0.45 0.69 0.99 
rs56013859 PER2  0.11 6.04 × 10-2 2.20 × 10-2 5.08 × 10-2 
rs7602358 PER3  2.51 × 10-2 1.72 × 10-3 0.18 0.12 
rs228669 PER3  0.50 0.19 0.81 1.24 × 10-6 
rs2640908 PER3  3.77 × 10-4 0.28 1.78 × 10-4 0.64 
rs2287161 CRY1  0.53 0.95 0.81 0.95 
rs3809236 CRY1  0.69 0.52 0.52 3.56 × 10-2 
rs12315175 CRY1 9.28 × 10-2 0.38 0.41 0.15 
rs2292912 CRY2 4.84 × 10-2 0.85 3.92 × 10-3 0.25 
rs11605924 CRY2 N/A N/A N/A N/A 
rs2305160 NPAS2 0.21 0.23 0.11 5.46 × 10-2 
rs11541353 NPAS2  0.84 0.30 0.22 4.03 × 10-2 
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Table S4: p-values for the association between 2nd trimester lipid levels and SNPs in lipid genes. 
SNPs Circadian related and lipid genes CHOL HDL LDL TG 
rs12413112 SIRT1  0.79 6.17 × 10-2 0.96 5.25 × 10-3 
rs3758391 SIRT1  1.83 × 10-2 0.39 7.73 × 10-3 3.84 × 10-2 
rs2273773 SIRT1  7.22 × 10-2 0.78 5.10 × 10-2 0.40 
rs10997860 SIRT1 N/A N/A N/A N/A 
rs646776 CELSR2-PSRC1-SORT1 2.35 × 10-5 5.35 × 10-4 5.10 × 10-11 0.19 
rs599839 CELSR2-PSRC1-SORT1  2.83 × 10-5 7.10 × 10-4 1.16 × 10-10 5.38 × 10-2 
rs28932472 POMC  0.13 0.38 0.65 0.39 
rs1800206 PPARA  0.28 0.49 0.61 4.35 × 10-3 
rs7638903 PPARG  0.92 0.16 0.88 0.29 
rs1801282 PPARG  0.95 0.60 0.94 0.45 
rs12640088 PPARGC1A  0.39 0.31 0.16 1.10 × 10-2 
rs8192678 PPARGC1A  0.78 0.12 0.35 0.82 
rs251464 PPARGC1B  0.24 0.95 3.30 × 10-2 4.40 × 10-2 
rs17383291 VDR 0.45 0.21 0.56 4.17 × 10-2 
rs2228570 VDR  0.58 2.87 × 10-2 0.44 4.66 × 10-2 
rs10507486 FOXO1  0.55 0.47 0.25 0.15 
rs2297627 FOXO1  0.27 0.87 0.16 0.10 
rs10830963 MTNR1B  0.69 0.86 0.76 0.56 
rs1137101 LEPR  0.10 0.39 0.44 0.70 
rs2303152 HMGCR  0.56 0.20 0.24 0.51 
rs12654264 HMGCR N/A N/A N/A N/A 
rs2274941 DHCR24 N/A N/A N/A N/A 
rs1630498 DHCR7  0.73 0.92 0.60 0.57 
rs2002064 DHCR7  0.86 0.92 0.65 0.68 
rs11591147 PCSK9  0.47 0.27 0.98 0.75 
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rs1800775 CETP  0.10 0.12 0.54 4.27 × 10-2 
rs1109166 LCAT  0.99 3.15 × 10-2 0.85 0.28 
rs6083 LIPC  8.86 × 10-2 0.74 2.75 × 10-2 0.80 
rs1800588 LIPC  0.22 5.57 × 10-2 7.63 × 10-3 2.16 × 10-4 
rs2156552 LIPG  0.25 0.63 0.34 0.12 
rs328 LPL  6.65 × 10-3 5.52 × 10-2 1.13 × 10-2 1.33 × 10-3 
rs2066716 ABCA1  0.13 0.996 0.16 1.81 × 10-4 
rs3890182 ABCA1  0.69 0.73 0.32 1.63 × 10-2 
rs4149313 ABCA1  0.18 0.42 2.74 × 10-3 0.49 
rs6511720 LDLR  0.92 0.55 0.92 0.35 
rs693 APOB  8.46 × 10-2 0.83 3.70 × 10-3 0.70 
rs28927680 APOA1  0.44 0.13 0.18 6.66 × 10-3 
rs5070 APOA1  0.35 0.92 4.83 × 10-2 1.24 × 10-3 
rs405509 APOE  3.39 × 10-3 6.94 × 10-2 1.63 × 10-3 0.31 
rs7412 APOE  2.81 × 10-6 6.35 × 10-5 < 1.0 × 10-12 0.10 
rs4420638 APOC1 0.14 0.52 9.52 × 10-3 0.23 
rs738409 PNPLA3  0.33 9.81 × 10-5 0.54 3.56 × 10-6 
rs58542926 TM6SF2  0.12 0.89 4.22 × 10-2 0.89 
rs16996148 NCAN  0.76 0.49 0.81 0.38 
rs17321515 TRIB1  0.55 6.69 × 10-3 0.89 0.26 
rs12130333 ANGPTL3  0.71 0.18 0.33 9.71 × 10-2 
rs74050124 IGF2  0.91 3.38 × 10-2 0.91 4.73 × 10-2 
All data presented are unadjusted and represent the p-value for the association between each individual lipid (as the outcome) with a single 
candidate SNP.
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As Principal Investigator, you are responsible for ensuring this project is conducted in 
compliance with all applicable federal, state, and local laws and regulations, 
institutional policies, and requirements of the IRB, which include, but are not limited 
to, the following: 
 
IRB Approval: IRB approval indicates that this project meets the regulatory 
requirements for the protection of human subjects. The research is approved to be 
conducted as described in the HawkIRB application. The addition or omission of 
study activities is not permitted without prior IRB review and approval. IRB 
approval does not absolve the principal investigator from complying with other 
institutional, collegiate, or departmental policies or procedures. 
 
Agency Notification: If this is a New Project or Continuing Review application and 
the project is funded by an external government or non-profit agency, the original 
HHS 310 form, “Protection of Human Subjects Assurance Identification/IRB 
Certification/Declaration of Exemption,” has been forwarded to the UI Division of 
Sponsored Programs, 100 Gilmore Hall, for appropriate action. You will receive a 
signed copy from Sponsored Programs. 
 
Recruitment: Your IRB application has been approved for recruitment of subjects 
not to exceed the number indicated on your application form. The IRB has approved 
all recruitment strategies described in the application. It is not necessary to use all of 
thesestrategies, but no additional recruitment strategies may be used without IRB 
approval. 
 
Consent: Consent must be obtained using the method(s) described in the application. 
Consent must be obtained and documented as required prior to certain screening or 
study procedures/activities. If you are using written informed consent, the IRB-
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approved and stamped Informed Consent Document(s) are attached. Please make 
copies from the attached "masters" for subjects to sign when agreeing to participate. 
The original signed Informed Consent Document should be placed in your research 
files. A copy of the Informed Consent Document should be given to the subject. (A 
copy of the signed Informed Consent Document must be given to the subject if your 
Consent contains a HIPAA authorization section.) 
 
Continuing Review: Federal regulations require that the IRB re-approve research 
projects at intervals appropriate to the degree of risk, but no less than once per year. 
This process is called “continuing review.” Continuing review for non-exempt 
research is required to occur as long as the research remains active for long-term 
follow-up of research subjects, even when the research is permanently closed to 
enrollment of new subjects and all subjects have completed all research-related 
interventions and to occur when the remaining research activities are limited to 
collection of private identifiable information. This includes data identified with a 
study ID# for which a link exists between the ID# and subject identifying 
information. Your project “expires” at 12:01 AM on the date indicated on the 
preceding page (“Next IRB Approval Due on or before”). You must obtain your next 
IRB approval of this project on or before that expiration date. You are responsible for 
submitting a Continuing Review application in sufficient time for approval before 
the expiration date, however the HSO will send a reminder notice approximately 60 
and 30 days prior to the expiration date. 
 
Modifications: Any change in this research project or materials must be submitted 
on a Modification application to the IRB for prior review and approval, except when 
a change is necessary to eliminate apparent immediate hazards to subjects. The 
investigator is required to promptly notify the IRB of any changes made without IRB 
approval to eliminate apparent immediate hazards tosubjects using the 
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Modification/Update Form. Modifications requiring the prior review and approval 
of the IRB include but are not limited to: changing the protocol or study procedures, 
changing investigators or funding sources, changing the Informed Consent  
Document, increasing the anticipated total number of subjects from what was 
originally approved, or adding any new materials (e.g., letters to subjects, ads, 
questionnaires). 
 
Unanticipated Problems Involving Risks: You must promptly report to the IRB any 
serious and/or unexpected adverse experience, as defined in the UI Investigator’s 
Guide, and any other unanticipated problems involving risks to subjects or others. 
The Reportable Events Form (REF) should be used for reporting to the IRB. Reports 
from the investigator to the IRB must be submitted via HawkIRB within ten working 
days of the event or within 10 working days of the PI becoming aware of the event. 
 
Audits/Record-Keeping: Your research records may be audited at any time during 
or after the implementation of your project. Federal and University policies require 
that all research records be maintained fora period of three (3) years following the 
close of the research project. For research that involves drugs or devices seeking FDA 
approval, the research records must be kept for a period of three years after the FDA 
has taken final action on the marketing application. For research that involves 
Protected Health Information(PHI) under HIPAA, the research records must be kept 
for a period of six (6) years folling the close of the research project. 
 
Additional Information: Complete information regarding research involving human 
subjects at The University of Iowa is available in the “Investigator’s Guide to Human 
Subjects Research.” Research investigators are expected to comply with these policies 
and procedures, and to be familiar with the University’s Federalwide Assurance, the 
Belmont Report, 45CFR46, and other applicable regulations prior to conducting the 
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research. These documents and IRB application and related forms are available on the 
Human Subjects Office website or are available by calling 335-65. 
 
